JOURNAL 

ed to 

AMERICAN WATER WORKS 

ASSOCIATION 

rmed = 

ea} Vol. 38 OCTOBER 1946 

inter, — 

ining 

A Program for the Committee on Watersheds—Committec 

2 per Practical Forestry. By Edward E. Minor .................ccceeees 

“a Evaluation of Returns From Forest Lands. By Ralph C. Hawley ... 
Forest Influences on Reservoir Watersheds. By E. N. Munns ....... 

lum. Developments in the Control of Erosion. By John S. Longwell ...... 

r. & Erosion Control on Watershed Lands. By Carl B. Brown .......... 

an Public Use of Reservoir Lands and Waters. By Lewis S. Finch ..... 

rived An Improvised Curb Box. By Wendell R. LaDue .................. 

— The Micro-Titration of Free Chlorine With Methyl Orange. By 

Vv use Characteristic Deficiencies of Water Distribution Systems. By R. G. 

ience Kincaid and E.. ... 

irked Iron Salts as Coagulants. By J. E. Kerslake, H. C. Schmitt and N. A. 

Foundation Treatment. By L. A. Schmidt, Jr. 1170 

pop. Chemical Warfare and Water Supplies. By Joseph M. Sanchis ...... 1179 

_ Purchase and Maintenance of Deep-Well Pumps. By L. J. Alexander 1197 

Abstracts of Water Works Literature 


All corr 


er 


lating to the publication of papers should be addressed to 


Harry E Jordan, Secretary 
500 Fifth Avenue, New York 18, N. Y. 

$7.00 of a member’s dues are applied as subscription to the JouRNAL. 
Additional single copies to members—50 cents 
Single copies to non-members—75 cents 


« 


7 
pe 4 
ise 
a! 
oe 
3 
> 
» 
f 


toward the goal of better water — coward meet- 
ing the new U.S.P.H.S. standards adopted by the F mit; 


A.W.W.A. — are: org 
t 

1. Write for T.P. 213 describing the Break-Point \ ; 
Process. ing 

deal 


2. Call your W & T Representative for informa 
tion on new W & T Residual Recording appa 
ratus, the Amperometric Titrator, the Orthotoli- S 
dine-Arsenite Comparator and, of course, Visible — = mar 
Vacuum Chlorinators and come in to see the | stud 


equipment at our booths at the fall meetings. 94 

the 

3 “The Only Safe Water is a Sterilized Water” Foro, 

man 

WALLACE & TIERNAN | << 
wate 

COMPANY, INC. 


MANUFACTURERS OF CHLORINE AND AMMONIA CONTROL APPARATUS 
NEWARK 1, NEW JERSEY + REPRESENTED IN PRINCIPAL CITIES SA210 


| 
Man 


the 


Oint 


A210 


= 

“AMERICAN WATER WORKS ASSOCIATION 
CopyriGHT, 1946, By THE AMERICAN WATER WorKS ASSOCIATION, INC. 
Reproduction of the contents, either as a whole or in part, is forbidden, 

Pe unless specific permission has been obtained from the Editor of this JOURNAL. "7 aoe aap 

; 7 The Association is not responsible, as a body, for the facts and opinions 

— advanced in any of the papers or discussions published in its proceedings. _ ot ee an 
Vol. 38 October 1946 No. 10 


A Program for the Committee on Watersheds a 


Committee Report 


Earnest Boyce, Prof. of Municipal & San. Eng., College of Eng., Univ. of Michigan, 


Ann Arbor, Mich.; General Chairman, 
Watershed Protection and Maintenance 


ss Presented on May 8, 1946, at the Annual Conference, St. Louis, Mo. 


HE Committee on Watershed Pro- 

tection and Maintenance, desig- 
nated as Water Works Practice Com- 
mittee No. 3, has been in process of 
organization for the past year. In 
establishing the committee, the Board 
of Directors provided for its function- 
ing through three sub-committees, each 
dealing with a separate, but not neces- 
sarily isolated, aspect of the general 
subject. 

Sub-committee 3A, under the chair- 
manship of Edward E. Minor, will 
study forestation as a means of im- 
proving the protection and reducing 
the maintenance costs of watershed 
areas. 

Sub-committee 3B, under the chair- 
manship of John S. Longwell, will 
devote its attention to problems of 
watershed erosion control. 

Sub-committee 3C, under the chair- 
manship of Lewis S. Finch, will an- 
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alyze the factors that require exami- 
nation in establishing policies for the — 
public use of watershed areas. a 
The subject assigned to this commit- 

tee is not new, nor is its engineering : 
interest limited to problems in the field 

of public water supply. C onsequently, — 

the data already developed in the gen- q 
eral study of soil conservation and ero- _ 
sion control should also be applicable | 
to the watershed problems of public 
water supplies. 


Purpose of Watershed Control 


The water supply problems ol 


associated with watershed protection 


and maintenance practices relate more 


to the quality than to the quantity | a 


of water for public use. Although © 
problems relating to the sanitary and | 
physical quality of water will be first — 
considered by this committee, this ap- — 
proach does not preclude subsequent | 
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consideration of quantitative aspects, 
should such studies appear necessary. 
From the standpoint of water quality, 
catchment area controls and protection 
may be undertaken for two purposes: 
(a) to maintain the source of supply 
so that the water will require but mini- 
mal treatment; and (b) to prevent the 
quality of the untreated water from 
being impaired beyond the purification 
capacities of the modern plant. 

When the former condition exists, 
_ the watershed controls serve as an in- 
— tegral part of an installation designed 
to protect the sanitary quality of the 
public supply, and, because of the de- 
_ pendence placed on these controls, they 
acquire major importance and signifi- 
cance. In the second case, however, 
the purification process in the water 
- treatment plant is the important factor 
in the securing of potable water, and 
only nominal interest may be mani- 
fested in the quality of the untreated 
water, except when it becomes so 
_ grossly polluted that it approaches the 
safe load limit for the treatment plant. 
The ever-increasing pollution of certain 
major streams by sewage and indus- 
trial wastes has so added to the cost 
and difficulties of water purification 
that some cities may well consider the 
_ development of impounded storages on 
controllable catchment areas as supple- 
mental sources of supply. 

The practice of watershed control as 
an integral part of an installation de- 
signed to protect water quality has 
found its economic justification and 
greatest development in those areas 
where the physical quality—especially 
turbidity—of surface runoff meets po- 
table water standards. As essential as 
sanitary controls are in protecting the 
biological quality of the water obtained 
from these watersheds, the physical 
quality of the runoff water reflects 
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more the geological characteristics of 
the catchment areas than it does the 
effect of these controls. 

Soils formed by the disintegration 
and outwash of granitic rock contain 
sand and other particles of sufficient 
size to protect the matrix of smaller 
soil particles against low-velocity wa- 
ter erosion. It is important to note 
that this geologic protection is not af- 
forded in those soils formed by the 
disintegration of fine-grained marine 
sediments. Despite the flatter gradients 
of the streams that drain the plains 
areas thus formed, therefore, minimum 
turbidities of these runoff waters gen- 
erally exceed permissible limits for 
potable use, and water filtration be- 
comes necessary. 


Watershed Control and Water 
Treatment 


The development of water treatment 
methods suitable for the clarification 
of the turbid waters of the mid-con- 
tinent regions progressed concurrently 
with an appreciation of the importance 
of these treatment methods for im- 
proving biological as well as physical 
properties. Later, water disinfection 
was introduced, first as a safety factor 
and then as a fully accepted treatment 
method, designed to provide an effec. 
tive control of biological quality. 

Gradually, as these treatment meth- 
ods were generally accepted, they were 
extended to apply to all sources of 
water where turbidities indicated the 
need for filtration, regardless of the 
biological quality that may have been 


secured through recognized watershed 
protection practices. Because these 
methods of water treatment were found 
to provide an economical and at least 
an equally effective method of main- 
taining water quality, and because en- 
gineering attention continued to be 
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centered on the biological aspects of 
watershed controls, it is logical that 
interest in the protection afforded by 
watershed controls should have de- 
creased. 

It is possible that at least some of 
the uncertainty and confusion with 
regard to reasonable watershed con- 
trol measures is due to the attempts 
to lift the standards applicable to one 
regional area and apply them to an- 
other without giving proper consid- 
eration to modifying factors. Outside 
the areas where watershed controls 
still serve as an integral part of the 
installation that insures water quality, 
protection and maintenance standards 
frequently represent community senti- 
ment rather than authenticated engi- 
neering requirements. The committee 
may well have as one of its major 
objectives an evaluation of the factors 
that should receive consideration in 
the formulation of watershed use and 
maintenance policies, in order that they 
may reflect the type of protection 
needed under varying regional condi- 
tions. 

Turbidity and Silting = 

One very important control factor 
relates more to the physical than to 
the biological quality of water obtained 
from the catchment area. Reference 
has previously been made to the high 
turbidities to be expected despite the 
relatively low stream flow velocities in 
areas of fine-grained soils. To this 
may be added the coarse-grained sedi- 
ment loads carried by streams with 
steep gradients that traverse erodible 
areas. The deposition of this sediment 
and turbidity in the section of the valley 


developed for reservoir use results in 
a loss of storage capacity and a threat 
to the.future usefulness of the installa- 
as other, 


tion that is s just as serious 


more frequently envisioned, pollutional © 
loads. 

Impounded storages provide an im- 
portant source of public water supply, | 
especially in the regions where soil is — 
formed from clays and shales, with © 
limited storage capacity for ground 7 
water. The silt load carried by the — 
runoff from watersheds located in these — 
soils may be of only nominal interest — 
from the standpoint of the water treat- _ 
ment process, but it becomes of major _ 
importance when considered from the ~ 
standpoint of protecting the storage 
capacity of the reservoir. 

The costs of developing surface stor-— 
age, as well as the limited number of | 
sites topographically suitable for de- 
velopment as a source for any given 
water supply, emphasize the value of © 
maintaining such watershed controls as _ 
minimize the reduction of storage ca-_ 
pacity by silting. 

An appreciation of the long-range 
importance of protecting the storage 
capacity of an impounding reservoir 
from the sediment deposits of an erod- 
ing catchment area may produce con- _ 
trol measures and regulations as 
strictive as any now enforced for the 
preservation of biological quality. A 
presentation and analysis of the data 
already available on rates of reservoir 
capacity loss due to sedimentation and 
a knowledge of control procedures 
should promote a more critical evalua- 
tion of the design factors applicable to 
this phase of the planning of water 
storage structures. 


Soil Erosion Control 


The sanitary survey of a watershed 
undertaken in one regional area for the 
preservation of the biological quality 
of the runoff water may well have for 
its counterpart soil and land 
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survey in areas where silt pollution is 
a hazard to storage capacities. Areas 
of easily eroded soil may require spe- 
cial attention to the preservation of 
soil cover. Watershed land use prac- 
tices may require regulation in order 
to provide erosion control, either 
through public ownership of critical 
areas or through use restrictions on a 
contractual basis. There is a need for 
a more general comprehension of the 
_ soil erosion control obtainable through 
forestation and other productive land 
uses primarily selected to achieve this 
control. 

The high productive value of fertile 
but easily eroded farm land adds an 
economic factor that requires careful 
consideration. The cost of catchment 
area control should be balanced against 
the long-range cost of the loss of water 
storage capacity by siltation or, in 
some instances, against the increasing 
costs of water treatment. 

Unlike the private owner, the water 
utility is in a position of permanence 
and may plan the production of crops 
that are not grown and marketed on 
an annual basis. The present annual 
- worth of future timber and lumber 
crop returns can be estimated even 
though their growth must be meas- 
ured in decades rather than in years. 
re Silt control measures do not become 

practical despite their recognized use- 
fulness until economic justification has 
been established. The committee may 
- well have as another major objective 
a study of those factors that can make 
these control measures economically 
justifiable. 

mega 
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If the costs of effective watershed 
silt control measures are properly 
equated in the economic analysis of 
proposed reservoir sites, the cost of 
connecting pipelines and other appurte. 
nant structures may have less relative 
importance in the selection of the site, 
thus making it possible to use more 
distant but cheaper and less erodible 
catchment areas. In order to avoid 
the sediment loads of flood flows pass. 
ing through a reservoir storage, it may 
prove advantageous in some instances 
to develop headwater areas and to uti- 
lize larger percentages of the annual 
runoff. 

Finally, it is suggested that the com. 
mittee investigate the possibility of re. 
ducing silting rates through the study 
of special reservoir design features, 
Check dams and channel retards lo- 
cated above the elevation of the reser- 
voir flow line have been used in the 
control of the heavier delta deposits, 
but these are less effective in the con- 
trol of the slower-settling, finer parti- 
cles that form the bottom sediments, 
Changes in spillway location and con- 
struction may serve to reduce the ex- 
cellent sedimentation and decanting ef- 
fect provided by conventional designs, 
although more must first be learned of 
the behavior of high turbidity density 
currents. 

As the committee explores the field 
of its most effective usefulness to the 
members of the Association, it recog- 
nizes its dependence upon their co 
operation in furnishing it with basic 
data that have been compiled from 
their years of experience. That co 
ope ration will be needed. 
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Practical Forestry 


: By Edward E. Minor 
New Haven Water Co., New Haven, Conn.; Chairman A.W.W.A. 


Sub-committee 3-A—Forestation 


oe Presented on May 8, 1946, at the Annual Conference, St. Louis, Mo. 


es the past fifty years there has 
been developing in this country a 
national forestry policy, accelerated, in 
the past two decades, not only by con- 
gressional action but by the interest 
shown by states, municipalities and 
private forest owners. It is, therefore, 
quite in line with modern trends that 
water works executives broaden their 
interest in forestry as it relates to the 
watershed areas from which surface 
water supplies are obtained. To pro- 
tect and control the surroundings of 
reservoirs and streams, it has been de- 
sirable in many cases to purchase large 
areas of land. This at once presents 
a problem of land utilization which may 
directly affect the character of the 
supply, and also presents financial and 
aesthetic problems for those in charge. 


History of Lumbering and Con- 
servation 


It might be well to have in mind, as 
a background for proposed forestry op- 
erations, a brief summary of the history 
of lumbering in this country, where for 
generations Americans have been liv- 
ing on their inheritance of virgin tim- 
ber. The center of lumbering opera- 
tions started in New England, moved 
to the Michigan pines in 1890, to the 
south in 1900 and to the far west in 
1926. Large bodies of old-growth 
timber now remain only in parts of 
the western United States, and the 
idea that lumber of high quality was 
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inexhaustible is now seen to be a myth. 
We are faced with a changed economy ; 
second growth and conservation must 
supply the timber essential to the na- . 
tion. 

It is interesting to note, too, the 
gradual impact of these events on the 
federal government. In 1871 Con- 
gress stopped the railroad grants; in 
1872 Arbor Day planting was insti- 
tuted and the first national park— 
Yellowstone—was created ; in 1875 the 
Division of Forestry was organized in 
the Dept. of Agriculture; in 1891 tim- 
ber land reserves were set aside; in 
1905 the forest reserves were trans- 
ferred to the Dept. of Agriculture; in 
1907 national forests were created; in 
1911 the Weeks Law authorized acqui- 
sition of lands for national forests; and 
in 1925 the McNary Act on timber 
growth was passed. Thus interest in 
this subject has developed, and the 
answer to the problem of timber re- 
source depletion is being sought in 
several ways. Public regulation of 
private lands may be utilized; or the 
lumber industry may become so en- 
lightened that it will work to perpetu- 
ate its resources rather than to annihi- 


late them. 
Forestation on Watersheds 
In line with this trend, A.W.W.A. 


Water Works Practice Committee No. 
3A was appointed to study the subject 
of forestation. 
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In general, watershed areas are rela- 
tively small compared to national for- 
ests and parks. They usually have a 
diversity of cover, ranging from old, 
fairly open fields to stands of hard- 
wood or conifers, and they vary in age 
and type, reflecting soil conditions. A 
field survey should be made to locate 
and to classify areas to be forested; a 
definite policy should be established 

these lands. 

The planting of open fields to form 
new forest cover is now recognized as 
‘ good practice. Subsequent care, in- 
cluding control of disease, protection 

from fire and thinning, is also recog- 

nized as essential. The proper han- 
dling of natural stands, usually con- 

j ~ taining a mixture of species, is more 
complicated. For efficient results, both 
_ plantation and natural stands should 

be operated under a consistent policy 
and be directed toward objectives which 
can best be determined only by an ex- 
perienced forester. Such a policy must 
be projected over long periods, often 

_ fifty years or more, and must determine 
_ whether the forest is to be a pure or 
_ mixed stand, of even or uneven age, 
_and what type of tree should be dom- 
inant. It can readily be seen that an 
~ owner, whether he be an individual or 
a corporation, must have faith and 
idealism to carry through such a proj- 
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ect. A municipality or a water board, 
owning land and having as its primary 
purpose the furnishing of a public wa- 
ter supply, is ideally constituted for 
such work. It benefits from an intelli- 
gent use of the land, not only by the 
financial returns that will come in time, 
but from the favorable effects on stream 
flow, the creation of an attractive set- 
ting for streams and reservoirs, and, 
with certain limitations, the provision 
of recreational areas for the enjoyment 
of the communities served. 

The financial return of such a project 
is especially important because it is 
related at the start to the cost of ac- 
quiring the necessary land. The ar- 
gument is plain; the cost must first be 
justified by the protection of the water 
supply ; forestry is a secondary consid- 
eration. With proper handling, how- 
ever, wooded areas may be made to 
yield an annual return which will in 
part justify their acquisition. The de- 
tails of the returns from forest opera- 
tions will not be discussed here ; but the 
figures are available in publications of 
the Dept. of Agriculture, such as the 
“National Plan for American Forests,” 
1937. The experience of the author's 
own company with a tract of about 
25,000 acres, under the general super- 
vision of the Forestry School of Yale 
Univ., bears out these conclusions. 
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Morris K. Jesup ns of Silviculture, Yale Univ.; 
New Haven, Conn. 


Forester, New Water Co., 
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HE best method for estimating the 

returns from forest lands is to 
apply the average growth per acre per 
vear over a long period of time. This 
is what is known as mean annual 
growth, or the average production per 
acre per year which may be expected 
during the lifetime of a forest crop. 
This figure, of course, varies greatly 
for different species of trees, sites and 
methods of treatment. 

In the forests owned by the New 
Haven Water Co., for example, mixed 
hardwood stands composed principally 
of oak may be expected to produce an 
average of 200 fbm. per acre per year. 
Where hemlock is in mixture with 
hardwoods, the yield is increased over 
that of hardwoods alone. Hemlock 
produces 350 fbm. per acre per year. 
Plantations of white pine produce 600 
fbm. per acre per year, and red pine 
500 fbm. Norway spruce may equal 
the production of white pine. 


Revenue Produced by Forests 


The present average stumpage value 
of the timber is at least $7 per 1,000 
fbm., based, not on war conditions, but 
on prices prior to the war. Thus, the 
mean annual gross production would 
be at least $1.40 per acre per year on 
hardwood lands, $2.45 on hemlock 
lands and $4.20 in white pine stands. 
On the basis of the present existing 
distribution of hardwood, hemlock and 


pine on the New Haven Water Co. 
property, the average gross returns 
should be at least $1.80 per acre per 
year for timber plus $0.50 per acre 
per year for small products. The total 
of $2.30 per acre per year may be in- 
creased by an increase in stumpage 
value and by converting more of the 
forest from hardwood to hemlock and 
pine. 

These figures of growth are valid 
only if the forest is protected from fire 
and other injurious agencies and is 
allowed to grow along through the 
young stage until the trees become of 
suitable size for timber. That these 
figures are comparable to estimates 
made by other sources can be seen by 
referring fo Table 1, taken from the 
National Plan for American Forests 
(1). 

Forestation has not been practiced 
long enough in this country, however, 
to provide abundant data on gross and 
net returns, and estimates based on 
relatively few data must be used. From 
gross returns per acre per year must 
he substracted costs. An estimate of 
costs made on this basis, taken from 
the National Plan for American For- 
ests (1, p. 1320), is given in Table 2. 

The figures which apply best to the 
New Haven region are those given for 
“central hardwoods” and for “eastern 
white pine”—$0.41 and $1.13, respec- 
tively, per acre per year. Taxes are 
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TABLE 1 
Estimated Gross Returns per 1,000 fbm. per Acre on Private Forests 
| Growth Rate Stumpage Salv. d 
From Intensive Forestry 
New England  ~— 307 $9.00 $2.76 $0.50 $3.26 
Middle : Atlantic 275 9.00 2.48 0.50 2.98 
Lake ne 268 9.21 2.47 0.50 2.97 
Central 217 9.00 1.95 0.50 2.45 
Se 365 9.36 3.42 0.50 3.92 
Pacific Coast 559 5.55 3.10 0.50 3.60 
North Rocky Mountain 348 9.29 3.23 0.25 3.48 
South Rocky Mountain 126 9.29 1.17 0.13 1.30 
From Extensive Forestry 
New England 166 $9.00 $1.49 -- $1.49 
Middle Atlantic 185 9.00 1.67 1.67 
Lake at 179 9.21 1.65 1.65 
Central 140 9.00 1.26 1.26 
South 257 9.36 2.41 — 2.41 
Pacific Coast 213 5.55 1.18 — 1.18 
North Rocky Mountain 175 9.29 1.63 —~ 1.63 
South Rocky Mountain 79 9.29 0.73 _ 0.73 


Representative Costs for Intensive Private Forestry 


TABLE 2 


_ for very large properties. 


t Typical second-growth turpentine consti in the South. 


Cents per Acre per Year * 
Protection Timber Management 
Type of Cost Taxes | Other Total 
Spruce-fir hardwood 25 2 25; O02; 45] 13 2.5 | 497 
Eastern white pine 60 2 5.0 | 10.0} 15.0} 17 4.0 | 113.0 
Western white pine 40 Z 12.0 | 11.0 | 12.0 1 3.0 | 81.0 
Ponderosa pine (California) 40 Fs 8.5 2.0 | 10.0 1 2.0 | 65.5 
fi Longleaf t¢ 20 2 7.0 = 3.0 4 1.0 37.0 
{ Central hardwoods 25 2 6.0}; — 3.0 3 2.0 | 410 
| Douglas fir (Pacific coast) 50 2 8.0}; — 3.0 1 1.0 | 65.0 


* These are generalized costs for forest properties, in which at least half of the stand is 

_ assumed to be either virgin forest or merchantable timber. 
_ stand betterment and planting are charged off at 1 per cent per year, as a capital investment. 

_ The figures are based on present costs in national forests and other available data, but cannot | 

be safely applied to any one individual operation, although they may represent fair averages 


Silvicultural cutting charges, 
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the ‘largest single item of cost and 
make up $0.25 and $0.60, respectively, 
of these annual costs. If now these 
costs are applied to the local hardwood 
forests, the net return per acre per year 
amounts to $0.99 ($1.40 — 0.41), and 
for white pine to $3.07 ($4.20 — $1.13). 

Another estimate of gross returns 
and costs, for planting and growing 
white pine in southern Connecticut, is 
given in Yale Forestry School Bulletin 
53 (2). The gross returns during 
the 60-year period required to produce 
a crop of white pine are estimated at 
$516 per acre, or an average of $8.60 
per acre per year. Costs are estimated 
at a total of $118.37 per acre, or $1.97 
per acre per year. 

Expenses ordinarily incurred may be 
classed as taxes, carrying charges, 
tand betterment and planting. Fire, 
insects, disease and wind, although not 
direct expenses in themselves, often 
require expenditures for prevention 
and control, usually included under 
carrying charges or stand betterment. 


Just how greatly the average damage 


from injurious agencies reduces the 
net returns cannot be foretold. If for- 
est lands are properly managed, how- 
ever, salvage and control operations 
are undertaken, and the losses from 
injurious agencies are reduced to a 
relatively small proportion of the aver- 
age annual income. When wisely di- 
rected, expenditures by water boards 
need never be so great as to make tim- 
ber growing financially unprofitable. 
In fact, water boards are likely to 
be in a better position to grow forest 
crops cheaply than many forest land 


| owners, because much of the overhead 
involved in land ownership has to be 


borne anyway by water boards, which 


_ must own portions of the land on their 


watersheds. Thus all of the tax bur- 
den (until an increased tax is laid 


=r 
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because of the accumulation of timber) 
and a good share of .the carrying 
charges, which include such items as 
interest on investment and mainte- 
nance of a field organization, will have 
to be paid anyway, whether or not for- 
est crops are grown. 

As a concrete illustration of what 
may be expected, the forest lands 
owned by the New Haven Water Co., 


approximately 22,000 acres in extent, — 


when once brought into productive 
condition, should furnish an average 
net return of $2 per acre per year. At 
the present time such a return is not 
being obtained, although portions of 
the property have been under forest 
management for over 35 years. Finan- 


cial returns lower than the real pro-— 


ductive capacity of the area forested 
are characteristic of most watershed 
forests. 


Present Income Level __ 


The reason why water companies to- 
day are not deriving net incomes com- 
mensurate with the potential growth 
possibilities of their forest land is that 
nearly all these lands are not yet in 
condition to produce their full growth 
rate. The growing stock of wood 
which covers the land is inadequate. 
If the trees are young and small in size 
they are suitable only for cordwood, 
and in the younger stages of develop- 
ment cannot even be sold for cordwood. 
If the trees are culls left after logging 
operations or are of species incapable 
of producing timber, like gray birch, 
they occupy the area to the exclusion 
of healthy individuals of good species. 

Only as a growing stock of trees is 
developed, of size, kind and quality 
merchantable for timber, can the po- 
tential growth of the land in timber be 
realized. Although the mean annual 
growth of even the youngest stands is 
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figured at the rates listed earlier in 
this discussion, these growth rates 
must be allowed to operate for many 
years before the accumulated growth 
can be cut in the form of timber. 

Very often this simple fact is not 
thoroughly appreciated. Timber is a 
crop which requires the use of the 
land for many years. When a forest 
property is in good condition, with an 
adequate growing stock, there will be 
trees of all sizes and ages in the forest, 
ranging from young seedlings right up 
to mature timber and then the full pro- 
ductive power of the area can be uti- 
lized and the mean annual growth of 
the whole tract harvested each year. 

Very few water boards have forests 
with an adequate growing stock. Over- 
cutting, usually by former owners of 
the properties, and lack of protection 
from fire are the principal reasons for 
the deficiencies in growing stock. 

A secondary reason for unsatisfac- 
tory net incomes from watershed for- 
ests is the fact that forestry operations 
carried on by water boards frequently 
are not conducted with primary refer- 
ence to the cost factor as it affects the 
success of the forestry operation. Op- 
erations in the forest to be financially 
profitable are best conducted on a 
piece-work basis rather than by day 
labor. To obtain efficient results when 
day labor is used, the laborers must be 
skilled in woods work and must be 
closely supervised by a foreman who 
himself knows how to carry on woods 
work inexpensively. 

Many water boards, however, find it 
advantageous to use temporarily in 
forestry operations some of their per- 
manent men skilled in the maintenance 
of water mains, when not needed for 
this regular work. Indeed, one of the 
advantages to a water board of carry- 
ing on forestation is that the forest 
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furnishes a supply of useful work proj- 
ects adequate enough to absorb all sur- 
plus labor which the organization tem- 
porarily does not need in their usual 
occupations. It stands to reason, how- 
ever, that labor thus obtained tem- 
porarily for forestry operations will 
not have the skill in woods work or 
the interest in such work which is es- 
sential for keeping costs at a reason- 
ably low level. It is to the advantage 
of a water board to use men in this 
way and the policy should be con- 
tinued. But seeing the high costs of 
such work in the forest compared with 
the returns has led many water board 
managers to believe that forestry op- 
erations are unprofitable. 

Another factor which adds to this 
impression is that frequently too much 
unnecessary clean-up work is done. 
The approach must be one of sound 
commercial sense rather than concern 
for appearances which so dominates 
many water supply operations on lands 
adjoining reservoirs. The two opera- 
tions must be clearly separated, re- 
membering, however, that commercial 
timber growing and watershed main- 
tenance correct in its sanitation can be 
applied on the same tract. The average 
water board manager has difficulty 
in knowing when to turn from the 
aesthetic lawn-mowing, leaf-raking, 
brush-cutting, litter-burning, ornamen- 
tal planting technic (some or all of it 
appropriate over limited areas close 
by reservoirs, streamways and pump- 
ing stations), to a woods operation 
which entirely eliminates manicuring 
of the landscape and accepts or dis- 
cards each detail of operation on the 
basis of its cost in relation to the ulti- 
mate financial return. 

So long as his appropriation lasts, 
the water board manager has a tend- 
ency to go too far into the woods with 
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his aesthetic and clean-up work. The 
intention here is not to criticize such 
activities but to point out that the con- 
ception that any of this work is a part 
of forestation is erroneous and has 
helped to lead water board managers 
to the belief that growing forest crops 
cannot return a profit. The two lines 
of work are each of use in watershed 
management. Let the management de- 
cide the areas upon which each of the 
two are to be used and carry on within 
a given area only the type of operations 
appropriate to it. 


Effects of Forestation 


Forestation as applied in watershed 
management should not be confined to 
tree planting but should include the 
management of all forested areas for 
the production of tree crops. What 
advantages water boards may expect 
from applying forestation on their wa- 
tersheds may be explained briefly: 

1. When the growing stock has been 
brought into condition, an annual net 
revenue can be secured from forested 
areas which is larger than that obtain- 
able through any other use consistent 
with proper sanitation of the water- 
shed. 

2. An outlet is provided for use of 
labor permanently on the payroll, but 
temporarily without work. 

3. Forests furnish effective protec- 
tion to watersheds. Their influence on 
erosion and silting is known, but less 
appreciated is the fact that the forests 
most valuable in protecting watersheds 
are those in which systematic cuttings 
are made to reduce forest density, and 
heavy accumulations of big old timber, 
which itself uses too much of the pre- 
cipitation. 

Aspects of the protective influence 
of forests that should be considered 
include their effects on total runoff 
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and on the division of this runoff be- 
tween surface and underground flow. 
A well developed forest increases the 
permeability of the soil and conse- 
quently increases the rate of infiltra- 
tion of water into the soil. 

Forests also lessen the pollution of 
water, as increased infiltration should 
result in a greater filtering action to 
remove dirt and germs. This should 
be true whether the water finally seeps 
deep into the soil or drains off rather 
quickly after passing through the for- 
est litter and upper soil layer. 

Another important function forest 
cover performs is to lower the peaks 
of runoff, whether caused by rain or 
by melting snow. Trees break the 
force of precipitation and bring it to 
the ground more slowly than when it 
falls directly upon the ground surface. 
The mechanical action of the litter and 
the greater infiltration of water into 
forest soils result in lower maximum 
heights for some floods and maintains 
the flow of water through underground 
seepage during periods of low precipi- 
tation. Snow melts more slowly in the 
forest than in the open, and is thus fed 
more gradually into the streams. On 
the other hand, the forest, particularly 
dense conifer forest, intercepts a con- 
siderable percentage of the snowfall 
and never allows this to reach the 
ground, the snow evaporating from the 
crowns of the conifers. A mixed for- 
est, made up of clumps of hardwoods 
and of conifers, usually permits a 
greater proportion of the total snow- 
fall to reach the ground than does a 
solid conifer stand. The conifers have 
the effect, however, of furnishing shade 
and delaying the melting of the snow 
in these mixed stands for a longer pe- 
riod than occurs in hardwood stands, 
which have no leaves in the winter- 
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The effect of forest cover on the 
amount of precipitation is a myth, so 
far as man is able to control it. On 
the contrary, the distribution of forests 
is controlled by the precipitation, not 


_ the precipitation by the forest. 


_ may even be better. 
part of the precipitation, 


Forests do influence the temperature 
of the water, and water coming from 
forested watersheds may be expected 
to be colder than that coming from a 
bare watershed. 

The protective value of forests on 
water compared with some other types 


of cover, such as grass or woody 


shrubs, is somewhat greater, although 


under certain circumstances either grass 
or shrubs may furnish as good pro- 
tection as do forests and sometimes 
Forests do use an 
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either by the mechanical interception 
and subsequent evaporation of mois- 
ture from their stems and foliage or 
by consumption during the life proe- 
esses of the trees themselves. Water 
is taken from the soil through the roots 
and evaporates from the crown of the 
tree, and the amount so lost is of 
course greater than would be lost from 
a type of vegetation with a smaller 
crown spread. 
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Forest on Reservoir a 
Chief, Div. of Forest Influences, U.S. Forest Service, Washington, D.C. if 
4 i Presented on May 8, 1946, at the Annual Conference, St. Louis, Mo. Fert 
HE relation between cover condi- others need as little as 6 in. Much _ 
tions and water resources is close more water is used during a short pe- — 
and continuous; both simple and com- riod of maximum growth than during 
plex; often not understood and fre- a 6-month dormant period. One type 
quently misrepresented. It is not al- of forest uses 6 in. or more of rainfall 
ways the same. It varies with the ina single month in early spring. For-_ 
season, topography, soil, climate and ests throw off water into the air in 
the type and character of the forest accordance with the same general laws 
itself. It varies also with time. that govern evaporation: more water 
loss takes place on dry windy days 
Effects of Forests Upon Water a hi on pel. humid ones and on bright 
Supply days than on cloudy ones or at night. 
A few facts and principles may b¢ 3. Trees cause water losses through 
reviewed : interception. The crowns of the trees 
1. Forests probably do not affect pre- —the branches and foliage—catch and 
cipitation greatly. Information, how- hold appreciable quantities of water on 
ever, is not definite; there is some  theirsurfaces. Much of this is promptly 
indication that the complete denudation evaporated into the air. When in full 
of forests and the exposure of soil over _ leaf, trees like the oaks cause several 
a considerable area results in some times the water loss that they do in 
precipitation changes that neither for- early spring when their branches are 
esters nor meteorologists can satisfac- bare. The percentage of rain water 
torily explain. In any event, the effect from a single storm that is evaporated — 
of forests on the total quantity of avail- into the air depends not only on the 
able water supply is not an important intensity and amount of rain, but also 
factor. on the kind of trees, their size, the 
2. Forests use water. Like animals, density of the stand and, of course, 
plants need water in their growth and the season. Trees, especially conifers, 
in their ordinary functions of metab- catch and hold snow, and a surprising 
olism. Some trees get along with much amount of water is thus kept from the 


less water than others, just as a cactus 
gets along with less water than a be- 
gonia.“ Some species of trees need 3 
to 5 ft. of rainfall in a year, whereas 


ty 
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ground. In some areas, this one factor 
may cause a considerable reduction in 
the total amount of water available for 
use. Interception losses may amount 
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= to as much as 6 in. in a single year, and 
under some conditions may be more. 
4, Forests reduce evaporation. <A 
_ forest-covered soil evaporates much less 
water than a bare soil. In fact, there 
is some evidence that the water losses 
_ from a bare soil by evaporation may 
_ be as great as the amount the plant 
— cover utilizes in its growth processes. 
We do know that, by reducing evapora- 
tion, forests conserve an appreciable 

. Forests protect the soil from ero- 
tin, This is one of the most widely 
_ recognized benefits of the forest. The 

tree crowns reduce the force with which 
rain strikes the ground and the protec- 
_ tive soil cover of litter and minor plants 
_ makes certain that the surface soil par- 
ticles are not disturbed or shunted 
around by raindrop splash. Further- 
more, the forest so holds the soil in 
place that even when surface runoff 
takes place in the woods, it causes but 
little soil displacement. 
; 6. Forests build soil. 
many forest trees forage deeply in the 
j soil for many essential chemical ele- 
ments. When the leaves fall, these 
elements are largely returned to the 
soil to enrich its surface. As the leaves 
decay, humus develops and this humus 
aids the soil physically, and, as physi- 
cal and chemical conditions improve, 
_ biological conditions also improve. In 
turn, as the soil is enriched, both its in- 
filtration capacity and its water-holding 
capacity are greatly increased. Studies 
have repeatedly shown that the infiltra- 
_ tion and storage rates of soil under a 
protective plant cover range from a 
few to many times greater than they 
are for the same soil when it is unpro- 
tected. 
7. Forests protect the soil from frost. 
Forest litter develops acid solutions 
which have lower freezing points than 
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pure water, and even if the water jp 
the litter does freeze, the litter does not 
form a solid, impervious mat because 
the pores are large. Thus forest soi] 
is still largely open and receptive when 
field and pasture soil are frozen so sol- 
idly that infiltration of water is pre. 
cluded. Tests of infiltration using air 
temperatures below freezing, applied 
water at 33°F. and frozen soils disclosed 
that the rate of infiltration into the open 
soil was practically zero, whereas that 
of the forest soil remained high. In the 
spring, the forest soil is free of solid 
ice much before the open soil. Conse. 
quently, when deep snows melt, the 
water formed infiltrates into the forest 
soil but largely runs off from areas of 
open soil. 

The forester thus has the power to 
control his water resources. By keep- 
ing the forest dense, he can reduce 
flood flows. By planting trees on idle 
and eroding land, he can virtually stop 
erosion and prevent harmful sedimen- 
tation. By cutting trees which are 
heavy water-users, he can make more 
water available. By removing those 
trees which cause a considerable evap- 
oration of snow and rain through in- 
terception, water can be saved for use 
by man. By changing the composition 
of the forest, water can be conserved 
or lost. By .maintaining the soil at 
maximum infiltration rates, ground- 
water supplies can be augmented. By 
burning the forest, runoff can be in- 
creased greatly. 

The forester, therefore, can modify 
the rate at which water runs off a 
watershed, the volume available for 
runoff and the quality of the water. 
Conceivably he might save or lose 6 to 
12 in. of rainfall a year. What he can 
or cannot do depends on many factors, 
some of which are only now coming to 
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Some of the more important supply 
requirements which the water engineer 
must consider may be reviewed briefly. 
These requirements, from the water 
users’ point of view, might include : 

1. Ample yields. These, whether 
surface or underground, must be suf- 
ficient to raeet not only present needs 
but reasonable demands for the future 
as well. 

2. Desirable distribution of seasonal 
flows. 

3. Usable water. By usable water 
is meant that which arrives at the in- 
take or into storage facilities in a con- 
dition that will not cause physical dam- 
age to the water works, deplete storage 
facilities at excessive rates or result in 
high treatment costs. 

4. High quality water. By high 
quality water is meant water relatively 
low in harmful bacteria or in undesir- 
able matter, the treatment or removal 


of which does not require costly out? 


lays. 

5. Supplies available or accessible 
at reasonable cost. 

The relative weight of any one of 
these requirements naturally differs 
with location, the source of the water, 
the size of the area involved and 
variety of needs or situations. They 
undoubtedly can be expected to change 
in any one area over a period of time, 
and, as technological processes develop, 
some may become of minor importance. 

Whether these requirements can be 
satisfied by any kind of treatment or 
management of a water source area is 
difficult to determine. Often the source 
of the water supply is the decisive fac- 
tor. If the source is a large stream, 
there may be few if any specific things 
that the water engineer can do on the 
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watershed to remedy conditions. But 
when the water manager has a con- 
siderable part of the water source area 
under his control, he can do a great 
deal to meet the requirements, much 
more than many might realize. And 
the more of the watershed the manager 
can bring under his control—directly 
or indirectly—the more adequately can 
these requirements be met. 


Specific Action 


If he has control or ownership of a 
major portion of the water source area, 
the manager must make many specific 
decisions. Within the limitations im- 
posed by requirements of public health 
and the necessity to safeguard invest- 
ments, the engineer has considerable 
latitude in his choice of action. From 
this standpoint, he might be interested 
in answering such questions as the 
following : 

1. Will the quantity or quality of the 
water be improved by any special for- 
estry practices that may be undertaken 
on this area? 

2. Should municipal watershed for- 
ests be closed entirely to all use, or, 
if it is decided that they should be used, 
what form and intensity of use should 
be permitted? What factors should be 
considered ? 

3. From the standpoint of water sup- 
ply, should conifers such as pine or 
spruce be favored over hardwoods and, 
if so, where and under what sort of 
conditions ? 

4. What kind of forest should be 
encouraged about the shores of lakes 
and reservoirs? What mixtures and 
densities should forestry practice aim 
to produce ? 

If conditions appear to permit the 
removal of forest products, what in- | 
tensities of cutting practices should be 


eo? 
1113 

xin | 
r in 
not 
Luise 
soil 
hen 
sol- 
pre 
alr 
pen | | | 
that 
the 
luce 
idle 
1e1 


1114 JOURNAL—AMERICAN WATER WORKS ASSOCIATION V ol. 38 


forests, soils and water. 


undertaken and what provisions for 
logging or transport should be devel- 
oped to minimize the likelihood of 
damage to water values? 

6. If tree planting is considered de- 
sirable or necessary, what trees should 
be used and how should planting be 
undertaken to develop most rapidly 
protection of the soil against erosion 
and improvement in soil conditions ? 

7. How should the slash from log- 
ging operations be handled in order 
best to meet water supply require- 
ments? 

8. What character of a forest cover 
should be favored—large trees with 
little undergrowth, or dense forests of 
relatively small trees? 

9. Should wildlife be fully protected 
on watershed lands, particularly the 
larger animals such as deer or elk? 
What about beaver ? 

10. Should road and trail develop- 
ments be permitted in water source 
areas and, if allowed, under what con- 
struction specifications from the stand- 
point of runoff and soil stability? 

Such questions as these have con- 
fronted water managers many times. 
They undoubtedly will continue to 
arise. Quite often answers have been 
offered based on other than watershed 
needs. But where the engineers had 
a free hand, they made those decisions 
which they believed carried the least 
possible risks. Sometimes decisions 
have been based on the advice of as- 
sociates or consultants. At other times, 
information has been furnished by for- 
esters or other conservationists, some 
of whom may not always have too well 
understood the basic relations between 
There are 


indeed relatively few, no matter what 
their experience, who can readily rec- 
ognize and evaluate the many factors 


w ity 


in watershed management that must be 
taken into account if maximum benefits 
are to be obtained and risks avoided. 


Primary Objectives for Soil a 


No one set of management objectives 
can apply to every type of forest water- 
shed condition or to every type of 
water supply. Variations in rainfall, 
in snow melt, in topography, in steep- 
ness and length of slope, in drainage 
pattern, in depth of soil, in geologic 
structure and in character of the vege. 
tal cover make every watershed an 
individual problem. Indeed, watershed 
management is one field where gen- 
eralizations, particularly about specific 
methods and practices, are not safe, 
There are, however, certain cardinal 
principles which should be universally 
observed regardless of the particular 
characteristics of the watershed or even 
of the methods employed in producing 
domestic water. These may be termed 
primary objectives, and relate to the 
soil : 

1. Soil stability. Without soil sta- 
bility there can be no hope of maintain- 
ing any satisfactory degree of seasonal 
distribution, usability or quality of wa- 
ter flow. Satisfactory supplies from 
unstable soils are possible temporarily 
for a longer or shorter period and then 
only at a considerable ultimate cost. 
Sooner or later, the results of unstable 
soil conditions on a watershed become 
increasingly evident. 

It may therefore be postulated as 
an inflexible rule that no operations, 
practices or developments on any mt- 
nicipal watershed can be permitted or 
condoned which in any way tend to 
cause either the physical removal oi 
the soil (as by erosion) or a break 
down in its internal structure. The 
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maintenance of a porous soil structure 
is vital in soil stability. 

It has already been pointed out that 
soil stability is dependent upon the 
amount and character of both the hu- 
mus content and the kind and activity 
of organic life in the soil. Expressed 
simply, all this points to the necessity 
of maintaining some kind of effective 
plant and litter cover upon the entire 
water source area. It also means that 
any exposed soil surface—whether it 
be a road bank, an overgrazed area or 
a borrow pit—should be looked upon 
as a menace which may cause damage 
or require costly remedial measures, 
and which any farsighted and con- 
scientious water manager should try 
to combat. 

2. Percolation capacity. A Kigh in- 
filtration capacity of the soil is closely 
associated with stability and, indeed, is 
often an indication of it. It is most 
important that desirable rates of infil- 
tration be maintained, primarily to 
eliminate or minimize destructive sur- 


face runoff from storms of high inten-’ 


sities or long duration, or from exces- 
sive snow melt. Infiltration capacity is 
related more closely to the structure of 
the soil, to its organic content and to 
the adequacy of the surface plant cover 
than it is to the topographic charac- 
teristics of the area, including length 
and steepness of slope. 

3. Water-holding capacity. Mainte- 
nance of the soil’s optimum water- 
holding capacity is essential to achieve 
a more desirable ratio between sub- 
surface flow and annual runoff, as well 
as a more balanced seasonal distribu- 
tion of subsurface flow, particularly 
during dry periods. 

If these three vital or primary ob- 
jectives are observed in water source 
areas, water users may be confident 
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that they will suffer a minimum of 
losses in water value attributable to 
the use of these lands by man. The 
author believes that these objectives 
can best be realized under a forest 
cover. 


Secondary Objectives 


A second group of objectives must a 
also be considered in arriving at an- 
swers to such questions as those raised Be 
above. As previously indicated, the 
specific services, values and effective- _ 
ness of forest cover in water produc- | 
tion or in flood and sediment damage Ee: 
reduction vary significantly from 
gion to region and even among the 
different portions of a small drainage 
basin. In some localities, communities 
may need protection from flood or ce ae 
expense of maximum water yield. In Rs a 
others, maximum usable yield may be coca 
the distinct requirement; and, in still 
other situations, various combinations __ 
of the two. To some extent these prob-— a 
lems may be met by storage reservoirs. ae 
But even then the long-time utility of et 
these structures depends upon the min- _ 
imum sediment rates. Men cannot af- 
ford to waste their precious and rela- _ 
tively scarce reservoir sites by permit- 
ting sedimentation, even though such _ 
wastage may be justified economically. of a 

The manner and extent to which the _ 
upkand plant cover is removed or modi- 
fied is of vital concern to the water 
users. The kinds, extent and intensi- _ 
ties of use permitted in a watershed 7 
must therefore be worked out carefully 
on the basis of the physical character- 
istics of each area. The method or 
methods used to obtain water must _ 
likewise be taken into account in what- | 
ever development is followed in a given 4 
source area. 
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The methods of meeting water sup- 
= ply requirements may be grouped into 
four categories, based upon the man- 
ner by which water supplies are made 

available : 
1. Surface supplies obtained by di- 
rect stream intake. These supplies are 
taken directly from a stream, as Wash- 
ington, D.C., takes its supply from the 

- Potomac. For this purpose, it is de- 

sirable to have supplies of good quality 
available at reasonable cost and requir- 

relatively inexpensive treatment ; 
to prevent extreme high and low flow 

(particularly the latter during exten- 

sive periods of little or no precipitation 

_ which often occur during hot weather 

when drafts on supplies are heavy) ; 
and, if possible, to develop a gravity- 

system. 

2. Storage reservoirs with less than 
six months’ capacity. Small reservoirs 
are relatively common in the more hu- 
mid portions of the country. In the 
North Carolina Piedmont, for exam- 
ple, 22 municipal water supply reser- 
voirs have an average capacity of only 
four months’ consumption. Small res- 
-ervoir capacity in relation to annual 
use generally prevails in other sections 
of the East, as in the Appalachian 
- mountains and New England. In all 
such situations, it is particularly im- 
_ portant that siltation rates be kept to 

= minimum, that turbidity be mini- 


mized and that reservoir inflow rates 
_ during periods of heavy draft be main- 
tained at a maximum. Often small 
reservoirs are located at higher eleva- 

. tions where possible to permit gravity 
flow and keep production costs low. 
Large storage reservoirs. Stor- 


age reservoirs with several years’ ca- 
pacity are most common where great 
variations in annual water yield are to 
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Manner of Meeting Requirements 


be expected. In such localities, al- 
though it is desirable to minimize silta- 
tion rates, and so also tend to main- 
tain minimum turbidity rates, the 
necessity from a short-term standpoint 
may not be great. On the other hand, 
it is desirable to achieve the maximum 
inflow of usable water during recharge 
periods in order to impound ample 
supplies against periods of sustained 
drought. The San Diego, Calif., res- 
ervoir system has a capacity said to 
be sufficient for perhaps six years of 
normal consumption. 

4. Subsurface supplies obtained from 
wells. Well supplies must be safe- 
guarded from sources of contamination 
and salt intrusion, and their quality 
must be checked closely for hardness 
content and the effects of declining wa- 
ter tables. The supply must be ade- 
quate, also, for periods of heaviest use. 
Another consideration is the rate of 
depletion, rate of replenishment and 
the opportunities for increasing re- 
plenishment by artificial means, such 
as water-spreading. 

It is now possible to return to the 
problem of the specific management 
practices to be applied to water source 
areas and to discuss how some or all 
the requirements of an adequate supply 
from forested areas may be met when 
dealing with these four major sources 
of supply. It should be pointed out, 
however, that pollution as such is not 
germane to this discussion, and will not 
be considered. 


Stream Intakes 


Supplies obtained by direct stream 
intake require the maximum protection 
of the soil against erosion because dis- 
placed soil material may do much dam- 
age. This protection is most essential 
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where soils erode easily, where silt 
discolors water readily or where the 
amount of bed load is appreciable. 
Direct stream intake also requires 
the maximum possible regulation of 
flow by natural means to minimize ex- 
tremes of flow. This might be ac- 
complished by maintaining the highest 
possible infiltration rates to reduce 
storm or surface runoff and by build- 
ing up the soil storage capacity to a 
maximum. By so doing, it is possible 
to increase and extend the base flow. 


Shallow Soils 

Where watershed soils are generally 
shallow and the area is not excessively 
large, it is desirable to build up both 
the soil and the soil’s capacity for wa- 
ter storage. This can be done by in- 
creasing the organic content and the 
volume of pore space of the soil. For 
the area above the stream intake, a 
dense forest is indicated. Where nat- 
ural conditions permit, a mixture of 
hardwood species should be encour- 
aged. An older forest (at least 75 
years of age) is probably better than 
a younger one. Such a stand would 
be even more effective if supported by 
dense undergrowth. The value of most 
types of underbrush is in their root 
development, which aids in firmly: an- 
choring the soil and in stimulating 
biologic activity, thus helping to create 
a maximum of channels and pore space 
throughout the soil mass. Such a for- 
est is a primary soil-builder. 

Reforestation of open watershed 
lands of this character can be accom- 
plished with conifers. It would later 
be desirable in such planted stands, 
however, as well as in naturally pure 
conifer stands, to change them by grad- 
ual and systematic cutting over a pe- 
riod of years into mixed stands of 
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Such mixed 


conifers and hardwoods. 
stands provide a much better water- 
shed cover than pure conifer stands. 
The watershed forest may be logged, 
but it should be done conservatively, 
avoiding large openings and using log- 


ging methods that will not disturb the _ 


soil unduly. Adequate fire control is 
a necessity. 

These practices on shallow soils will 
also yield other benefits. One of these 
may be relatively clear high-water flows 
during periods of excessive rainfall or 
snow melt, when the volume of avail- 
able water exceeds the water-holding 
capacity of the soil mantle. Another is 
the reduction or elimination of damag- 
ing flood flows during periods of in- 
tense rainfall. 


aut 
Deep Soils 

So far as deep soils are concerned, 
the main problem is one of increasing 
or at least maintaining a high rate of 
water intake into the ground. Any 


vkind of good forest with a substantial 


litter cover will provide the best pos- 
sible opportunity to increase infiltra- 
tion, thereby preventing or greatly re- 
ducing surface runoff and erosion and 
their resultant damages. A mixed for- 
est is best. Cutting and logging that 
do not result in extensive areas of 
exposed soil can be permitted. 

On both shallow and deep soils, any 
cutting or logging close to the stream 
should be done carefully, in order not 
to disturb channel conditions. Graz- 
ing should not be permitted on shallow 
soils and can be permitted on deep 
soils only if the livestock are kept away 
from the stream bottoms. Deer and 
big game should be kept down to such 
a point that they cause no erosion. 
Beaver are objectionable, primarily be- 
cause of organic pollution. 
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The main problems with reservoirs 
of less than 6 months’ capacity are to 
minimize siltation, reduce water losses 
over the spillway and raise dry-season 
inflow to compensate for heavy sum- 
mer draft. High rates of siltation are 
likely to occur where there are low 
ratios of original storage capacity (in 
acre-feet) to watershed area (in square 
miles) and soils erosive on exposure. 
Some reservoirs, as in the Appalachian 
Mountain region, not only have a high 
ratio of capacity to watershed area but 
fortunately are also located in areas 
where soils are not too erosive. This 
is not true, however, of much of the 
Southeast, as in the Piedmont, where 
ratios are not only largely inadequate 
but soils are highly erosive. Further- 
more, many watershed lands in this 
area are privately owned, which usu- 
ally means agricultural use of the less 
steep slopes and forests subject to vary- 
ing degrees of abuse through over- 
grazing, woods burning and heavy cut- 
ting. In addition, these areas often 
contain inadequately maintained roads 
and highways. 

Appropriate watershed practices 
would provide for maintaining the best 
possible cover and permitting the mini- 
mum of watershed disturbance by agri- 
culture, fire, grazing, wild life, roads 
and logging. In erosive soil areas 
(such as the Piedmont), and in rough 
mountain terrain where cover disturb- 
ances may lead to slides or debris 
movement (as in parts of the Appala- 
chians and New England), serious con- 
sideration must be given to the question 
of whether the additional revenues ob- 
tainable from timber are worth risking 
the water values involved. In areas of 
steep topography and other conditions 


conducive to flash flows, it may be 


most desirable to aim for the maximum 
possible density of forest cover. This 
should be composed chiefly of hard- 
woods, to increase soil storage capac- 
ity, and means foregoing timber rey- 
enue possibilities until such time as 
logging methods can be developed for 
removing felled material without in- 
creasing surface runoff or causing tur- 
bidity even for relatively short periods, 
It must be recognized, however, that 
although flash runoff will be reduced 
by these measures, the heavy transpira- 
tion draft upon soil moisture during 
the summer season by the plant cover 
may interfere with the need for in- 
creased reservoir inflow at such times, 

A way can now be suggested with 
some confidence to meet this need dur- 
ing the summer drought. This is to 
reduce transpiration where the draft is 
greatest, as along stream banks. Ex- 
perimental evidence collected over sev- 
eral seasons on some _ experimental 
watersheds of the U.S. Forest Service 
strongly supports the contention that 
a material increase in water yields per 
acre can be attained by this method, 
provided, of course, that bank stability 
is not endangered by removing the 
vegetation. Evidence shows that cut- 
ting vegetation from the immediate 
vicinity of the watercourses in a small 
drainage area provides a 5 to 10 per 
cent increase in daily summer water 
flow. The effect of this cutting is im- 
mediate but not lasting, for, as time 
passes and new woody vegetation re- 
turns, the increase is diminished. Af- 
ter about five years, additional cuttings 
will be necessary. 

It is not yet known how much of the 
watershed area should be cut to achieve 
this reduction in losses. In the ex- 


periment, everything was cut on either 
side of the small drainage ways to an 
elevation of 15 ft. above the 


stream bed 
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at that point. This amounted to about 
20 per cent of the area. In less steep 
country, this undoubtedly would be too 
much. 

Also, everything along the stream 
larger than a broomstick was cut to 
the ground. It is not known whether 
this may be considered an excess, or 
what the saving in daily summer flow 
might have been had cutting been con- 
fined only to the larger trees, or the 
shrubs, or those species of trees which 
are known to be heavy water users. 

If this procedure be followed, very 
little if any of the cut material should 
be removed from the watershed, as 
the disturbances caused by logging may 
be too great. If there is a fire hazard, 
the tops should be cut so that as much 
as possible of the vegetation lies close 
to the ground. In this way, the added 
litter and humus also becomes avail- 
able and aids soil protection and soil 
building. 

The best procedure for watersheds 
on shallow and erosive soils in rela- 
tively steep country is not yet known, 
but what evidence there is indicates 
that the forest should, be dense but 
should not contain many large trees. 
The diameter of the trees should not 
exceed 6 or 8 in. to obtain the best 
water yields. Again, all cut material 
should be allowed to rot on the ground 
to aid soil protection and soil building. 
A watershed should not be cut com- 
pletely at any one time, but partially 
and gradually. 

On deep porous soils, removal of cut 
material may be permitted, provided it 
is done with care. Instead of keeping 
the forest down to a small size, indi- 
vidual promising specimens can be per- 
mitted to attain a diameter of perhaps 
24 in. before being cut. If water sup- 
plies are not adequate, however, timber 
values must be sacrificed for water. 


‘ot 
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It is not possible to be very specific 
in naming the species of trees to be 
favored or discouraged. Some of the 
heavier water consumers among the for- 
est trees are known, and when studies 
are more complete, it should be possi- 
ble to recommend which species to 
favor when dealing with such water- 


shed problems. — 


The object of managing watersheds 
tributary to large reservoirs should be 
to achieve the maximum of surface 
runoff in the shortest possible time 
after precipitation, without at the same 
time causing soil instability. The ideal 
condition would be a watershed of rela- 
tively steep slopes and non-erosive 
shallow soils of relatively low infiltra- 
tion capacity. This condition, how- 
ever, seldom occurs in nature. The 
practical ideal, therefore, would be to 
maintain the minimum amount of cover 
consistent with soil protection and the 
obtaining of minimum water losses 
through interception, transpiration and 
direct evaporation from the soil. 

The possibility of achieving this ob- 
jective is much less in sub-humid areas, 
with rainfall of 20 to 30 in. or less, 
than in the higher precipitation zones. 
In the drier regions, evidence indicates 
that relatively little is gained by prac- 
tices bringing about markedly reduced 
transpiration, as such reductions are 
usually offset by increased soil evap- 
oration. In addition there is always 
the danger of starting damaging ero- 
sive processes. In regions where snow 
is a major element in the total water 
yield, much more can be achieved by 
reducing snow interception and evap- 
oration. This can be accomplished in 
conifer stands by creating openings of 
limited size within timber of relatively 


Large Storage Reservoirs 


uniform density, and by removing the 
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heavily branched or so-called “wolf 
trees.” 

In humid areas, it is believed that 
higher water yields can be obtained 
when the majority of trees are small. 
This is done by frequent and iight cut- 
ting over the watershed. Whether or 
not the forest products can safely be 
removed for revenue purposes may de- 
pend on the possibilities of using non- 
damaging logging practices. 

Some types of cover cause smaller 
water losses than others and some 
types produce deeper and better hu- 
mus than others. Conifers, for ex- 
ample, not only intercept more snow 
than hardwoods, but also do not pro- 
duce as deep or as satisfactory a hu- 
mus. Conifer stands probably provide 
a more immediate and greater volume 
of water from the same amount of 
water in the snow than hardwood 
stands. Hardwoods in turn may not 
be nearly as satisfactory as a grass or 
perhaps even a shrub cover. Grass, for 
example, tends to dry up in the sum- 
mer, thereby using a minimum of wa- 
ter. Whether grass is possible as a 
cover will depend upon climatic con- 
ditions, steepness of slope, exposure 
and soil types and depths. It will also 
depend upon use. Grass is worthless 
if it does not hold the soil. In decid- 
ing between timber and grass, the worst 
possible rainfall conditions or snow 
melt rates should be considered, rather 
than the average; otherwise, serious 


damage may result from the high in- 


tensities of a storm that comes once in 
50 years, or from an unusually rapid 
rate of snow melt. 

What specific methods of reducing 
water losses and acclerating safe sur- 
face runoff can be applied? The an- 
swer will need to take into account 


two important factors: the permeabil- 
itv of the soil on exposure and its sus- 
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ceptibility to erosion. Thus, relatively, 
the least cover could be maintained on 
a naturally permeable non-erosive soil 
and the maximum cover would need to 
be obtained on the least permeable, 
most erosive soil. 

The more erosive the soil, the less 
use there should be of the water source 
area, and the more intensive the pro- 
tection it should be given. Where soil, 
topography and climatic conditions per- 
mit commercial logging, the danger of 
damaging silt or debris movements 
into reservoirs or of serious contamina- 
tion would of course be less for large 
reservoirs than for small ones. Cut- 
ting at any one time need not affect a 
large portion of the area, and debris 
problems would therefore be easier to 
handle. The logging season may af- 
fect debris movement and the inflow 
of polluted matter. 

One precaution must be observed, 
however, regarding large-scale or dras- 
tic modifications of the cover, whether 
undertaken to increase the yield of 
water or of revenue from the sale of 
marketable materials. In certain criti- 
cal areas, such as tension zones be- 
tween forest and woodland or between 
brush and grass, the moisture avail- 
ability may be so limited and so sensi- 
tive to disturbance, or the erosion poten- 
tialities so high, that any appreciable 
changes in cover density may give rise 
to a process of accelerated soil de- 
terioration. There are also indications 
that a very heavy depletion of the cover 
may set in motion forces that will ad- 
versely affect soil moisture relations 
for an exceedingly long period. 


Well Supplies 


Water source areas which replenish 
ground water should be managed to 
increase 


reduce runoff ; infiltration of 
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water into the soil; build up the soil 
storage capacity to the greatest pos- 
sible extent; and, where snow is ap- 
preciable, provide for the maximum 
absorption of melt. The best possible 
litter and humus cover should be 
sought. 

Where ground waters are to be re- 
plenished, runoff should be reduced to 
a minimum and infiltration aided by 
the development of good humus con- 
ditions. On steeply sloping lands, con- 
tour trenches or other depressions will 
aid detention storage as will the trees, 
ground cover and of course the litter 
as well. On more level lands, deten- 
tion storage is primarily a function of 
litter and humus. 

Where there is snow, the stands 
should be so developed as to permit 
maximum amounts of snow to reach 
the ground. This means mostly a hard- 
wood forest. Conifer stands should 
have openings into which snow can 
drift and be protected from evapora- 
tion, and where snow melt can be de- 
layed. A forest is better than grass- 
land for all areas where snow is in- 
volved because water from melting 


High Quality Water 


Investigations made by the Forest 
Service plainly show how the forest 
can provide water of high quality. 

At Asheville, N.C., where all of the 
watershed is in forest, water treatment 
costs a few years ago were about $8.50 
per mil.gal., compared to $27 for res- 
ervoir water in the North Carolina 
Piedmont, where only 50 per cent of 
the watersheds are in forest. Further- 
more, there is no siltation of conse- 
quence in Asheville’s $1,000,000 Bee 
Tree Reservoir. Although much sale- 
able timber is present in Asheville’s 
watershed, great care will have to be 
exercised in carrying on any a 
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snow usually percolates into the soil 
throughout the winter, whereas the 
more exposed soils are relatively im- 
pervious when frozen. | 

On areas used as spreading grounds, . 
a type of vegetation which will pro-— 
vide a plant litter and humus cover | 
should be encouraged, to permit maxi-— 
mum infiltration with the minimum of | 
maintenance costs. In one area in | 
Utah, a municipality diverts flood flows, — 
often somewhat muddy, directly into a_ 
small patch of woods which is care- 
fully fenced against grazing. This _ 
small patch, only a few acres in extent, — 
has infiltrated all the flow put into it — 
far, whereas expensive contour 
ditches and ponds silted over and re- — 
quired costly treatment to maintain — 
absorption. 

Forests on the replenishing areas for — 
underground basins can be utilized al- _ 
most at will; however, soil compaction — 
or runoff ought to be avoided. This 
means that cutting and grazing should 
be light, heavy game populations should — 
bt avoided, fires should be eliminated | 
and the area in.road surfaces should — 
be kept to a minimum. 


so 


ing operations. The fact that no filter- 

ing is required of the 2,500 mil.gal. of | 
water delivered annually represents a 
saving of some $50,000 a year attrib-— 
utable to the good forest cover condi- — 
tions. 

Another example of the relation be-— 
tween forests and water quality is of- 
fered by a large pulp and paper com- 
pany which prided itself on the high 
quality of its water and its policy of 
providing good living conditions for 
its workers. However badly it treated 
its other forest lands, the area from 
which it drew its water was rather well 
protected. To provide its its ee with | 
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good homes, the company sold some of _ properly constructed roads the company js 
its land near the mill to its workers at _ itself had built in the area. By moving} we 
low prices. its employees out of the drainage area do: 
When discussing water problems, it removing the livestock, planting up the} bec 
was learned that the company was cleared ground, closing many roads} mu 
spending about $3,000 a month to elim- and treating others, the company} mo 
inate the silt and color from its water. quickly reduced its expenditure for silt] suy 
It did not take long to see that the control by about 95 per cent, so that} abl 
sources of this contamination were the its annual cost was less than what it] of | 
homesteads of its employees, who kept had previously spent for only a single} 
gardens, pigs and cattle and the im- month. the 
Research in Watershed Management “7 
In presenting these suggestions for ests to crop land and pasture and stud-| it 0 
watershed management, the author ies of the effects of fire, grazing, cut-} sibl 
knows well that some of them are not ting, logging and roads. Each indi-§ atte 
too well substantiated by uncontro- vidual unit has its own water stage re} pon 
vertible facts. This is unfortunate, corder to obtain data on runoff, its? mo: 
but the studies of the Forest Service own intensity rain gages, its own} deci 
have been directed towards other prob- ground-water wells and other special-f atte 
lems. In developing its research in ized equpiment needed for the local} way 
forest and water relations, the Forest studies. A new series of watershed} wor 
Service has spent perhaps more time treatments is being planned this year} of 
in the development of basic principles The work is done by a staff on which it i: 
than in the development of specific men trained in forestry, plant physiol into 
practices. ogy, sanitary engineering, geology ané] olin; 
soils are participating. 
An Experimental Forest Other been undertaker 4 
That practice has not been wholly in other parts of the country, but most] New 
overlooked, however, can be illustrated of them do not apply as specifically te 
by what the service is doing at the water supply problems as those jus qT 
Coweeta Experimental Forest in west- outlined at Coweeta. This has beer panc 
ern North Carolina. This is an out- in part because there has been greater] S¢4r 
door hydrologic laboratory, a forested concern with the watershed conditions| '™ 
area of approximately 5,000 acres on of western national forests under For-| 't € 
which there are about 30 small inde- est Service administration. Then too} Miss 
pendent watersheds, each with a con- the work of the service has been mort the ( 
tinuously flowing stream. The topog- concerned with other problems thas} anotl 
raphy is mountainous; the precipita- those of domestic or industrial water, the | 
tion, mostly rain, is in excess of 80 in. It is becoming more and more evi} basin 
annually ; the storms are frequent; the dent, however, that the latter deserve shed 
soils, deep and porous. Conditions a prominent place in forest research} new 
are so ideal that a 5-acre unit produces When a single industrial plant uses af A 
a living spring. much treated water in a day as a cit)} water 
At Coweeta the service hasembarked — of 300,000 population, when our grows critic 
on a series of treatments of individual ing urban population must use recon} éssen 
watersheds which include changing for- ditioned water, when air-conditioning made 
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is becoming a necessity to healthful 
working conditions, it is obvious that 
domestic water supply problems are 
becoming really critical, And with 
municipalities and industries turning 
more and more to forest areas for their 
supplies, it behooves foresters to be 
able to give advice on the management 
of these critical areas. 

In the development of its research, 
the Forest Service follows a general 
practice of making problem analyses. 
Before getting too far into any study, 
it obtains as much information as pos- 
sible on the particular problem. It 
attempts to break it down into com- 
ponent parts and to ascertain what the 
most important phases are. It is then 
decided to which one or ones major 
attention should be directed. In this 
way, the chances of initiating costly 
work without having a clear concept 
of where it is going are minimized, and 
it is possible to put time and effort 
into the most urgent phases. By sin- 
gling these out, a maximum of returns 
can be obtained in the shortest time. 
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New Studies 


The Forest Service is this year ex- 
panding its watershed management re- 
search, not only at existing centers, but 
in new ones. For example, in the East 
it expects to initiate one study in the 
Mississippi Bluff lands and another in 
the Carolina Piedmont, with plans for 
another study getting under way in 
the Delaware and Susquehanna River 
basins. In the West, current water- 
shed studies will be increased and some 
new work started. 

A stage has now been reached in 
watershed research when a new and 
grow} critical look at the national picture is 
recon} essential. The last over-all study was 
‘joning made nearly 20 years ago, and, _ 


be continued. 


though it has been revised every a 
years and briefly reconsidered an-— 
nually, the program is an out-of-date 
and patchwork affair. In the new 
over-all problem analysis, the service i 
will want to take a look at all the vari- 
ous problems to see how far present 7” 
work is adequate or inadequate, how © 
it can make the maximum contribution 
to public service, where the work is _ 
most needed and in what field or fields — 
the emphasis for the next decade or 
two should be placed. It will have to | 
decide how much effort should go into 
research on basic principles and how 
much on practical problems, whether 
flood control is more important than | 
the supply of water for irrigation, how \* 2 
far forests can aid in power production 
and where municipal and industrial 
supply problems fit into the general 
scheme. 

A thorough national problem analy- _ 
sis, in which regional and local needs | 
must be considered, is a time-consum- 
ing affair. It has therefore been a 
uf) as a 3-year undertaking, because 
other current work and activities must d - 

As a first step in this process, a _ 
national survey has already been in- | 
itiated. The main emphasis is on | 
federally owned forest lands; the next 
on state lands; then on municipal and _ 
other public lands; and, last, on pri- 
vate or industrial lands. The second | 
stage is now being approached. In _ 
the phase pertaining to municipal and — 
related forest lands, it is planned to 
determine which problems are related 
to the condition, needs or uses of the 
water source areas. It is understood 
that the American Water Works As- 
sociation already has much of the kind 
of data needed, but it is quite probable 
that the Forest Service will desire to 
supplement this information as it en- : 
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counters specific problems. It has not 
yet been determined how this should 
be done, and pressures of other work 
have as yet prevented the service from 
devoting much study to the situation. 

In the development of past research, 
the service has not worked particu- 
larly closely with the water supply 
engineers and watershed managers. 
There are many reasons for this, some 
valid and some not so valid. This lack 
of contact may not have been par- 
ticularly serious in the past. But in 
view of new developments, what the 
service has to offer concerning the 
management of forested water source 
areas makes clearly evident that the 
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time has now arrived when the Forest 
Service and the Association should 
get together. The special help and 
advice of the Association and its Wa. 
tershed Committee will be wanted jp 
problems and the research program 
By helping frame the over-all national 
research program, by advising from 
time to time on needed changes or 
revisions, by critically reviewing cur. 
rent investigations on the ground, As 
sociation members will not only aid 
in the solution of some of their ow 
problems, but also will aid the public 
in its efforts to obtain the maximum 
efficiency from the national water re. 
sources. of ik 
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O those water utilities which are 

dependent for their supplies on res- 
ervoir storage, the matter of erosion 
control is a most important subject. 
Investigations show that in many 
places erosion is causing the washing 
away of topsoil in the watersheds; the 
creation of gullies; the scouring, wid- 
ening and deepening of natural water- 
ways; the. washing of fills and cuts on 
highways and railroads; and, finally, 
the deposition of the eroded soils in 
the storage reservoirs. 

As a result, agricultural and grazing 
lands are being destroyed and, most 
important of all, a great deal of valu- 
able storage space is being lost in res- 
ervoirs constructed at heavy expense 
to many companies, communities and 
public agencies. Unless adequate steps 
are taken to curtail this erosion, the 
available storage will be reduced to 
such an extent that existing reservoirs 
will have to be enlarged or new reser- 
voirs built to replace the lost storage 
capacity. The Association is well jus- 
tified in undertaking the study of wa- 
tershed control and in getting this 
important investigation under way. It 
should prove of great value to a large 
percentage of the members. 


Work of the Erosion Sub-committee 


Thus far the work on erosion of 
Sub-committee 3B of the Committee 
on Watershed Control has consisted 
of the selection of committee members, 
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Developments in the Control of Erosion ip 
By John S. Longwell 


Chief Engr. & Gen. Mgr., East Bay Municipal Dist., Oakland, Calif.; Chairman, ; 
A.W.W.A. Sub-committee 3B—Erosion Control ! 


a Presented on May 8, 1946, at the Annual Conference, St. Louis, Mo. 


a review of literature and the prepara- 
tion of a bibliography on this subject. 
It is anticipated that in the coming 
year its activities will be substantially 
increased. 

The work of the sub-committee will 
be somewhat simplified due to the ex- 
tensive erosion studies, investigations 
and construction programs carried on 
by the U.S. Soil Conservation Serv- 
ice. This important agency has con- 
ducted many detailed investigations 
throughout the country, assembled a 
great deal of data showing the loss of 
reservoir storage due to silting, con- 
ducted an extensive research program 
ta determine the best procedure in re- 
ducing erosion, carried on actual field 
construction activities to control ero- 
sion in watersheds of various types 
throughout the country and observed 
the effects of such programs. 

It has been the author’s good for- 
tune to have worked out a co-operative 
agreement with the service covering 
investigations, design of erosion con- 
trol facilities, study of range manage- 
ment and the furnishing of trees, plants 
and grasses for planting. This has 
involved about 86 square miles of wa- 
tershed. The work was well under 
way when the war curtailed all such 
activities, and thus far it has not been 
possible to resume the program. It 
has been possible, however, to observe 
the results obtained from the work 
already — such as tree planting, 
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setting out of shrubs and grasses, re- 
duction of stream grades by installa- 
tion of drop structures, bank protection 
on channels, soil-catching basins and 
related works. 

Using as a yardstick the results of 
the work thus far accomplished, it is 
felt that the program should be con- 
tinued as rapidly as possible. The 
rate of reservoir silting can be greatly 
reduced and, from a financial stand- 
point, the erosion control program 
should ultimately result in great sav- 
ings in expenditures on new construc- 
tion. 

It is believed that similar conditions 
exist at many other locations through- 
out the country, and that information 
on erosion control, methods of correc- 
tion and the results to be expected will 
be of value to water utilities in general. 
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Committee Aims ote 


Accordingly, Sub-committee 3B is 
starting out on its program with three 
specific objectives : 

1. Collection and summarization of 
available data on loss of storage due 
to silting of reservoirs. 

2. Assembly of data on the best cor- 
rective measures. 

3. Determination of the results that 
have been obtained where a well-de- 
signed program has been partially or 
completely carried out. 

The committee expects to rely greatly 
on the Soil Conservation Service for 
use of the large amount of data ac- 
cumulated by that agency. In addi- 
tion, it would like to have any useful 
data that may be available from mem- 
bers of the Association and others in- 
terested in this program. 
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N 1940, approximately 74,300,000 

persons in the United States—a 
large part of the urban population— 
were being served with treated water. 
A little more than two-fifths of the 
water treated had to be filtered to re- 
move the suspended sediment content, 
and nearly all of this water came from 
surface runoff. Thus, about 32,000,000 
persons were served by filtered surface 
water. The water run through filtra- 
tion plants in 1940 was approximately 
1,400 billion gallons, or enough water 
to cover the entire District of Columbia 
97 ft. deep. These statistics give some 
conception of the significance of sedi- 
ment as a factor in water supply. 


Condition of Watersheds 


The physical condition of a water- 
shed—the nature and extent of vegetal 
cover, the type of land use and the 
character and extent of soil erosion— 
has a tremendous effect on the quantity, 
quality and cost of treatment of surface 
water. For water works men, the three 
most important watershed problems 

(1) the silting of impounding 
reservoirs ; (2) the cost of water filtra- 
tion; and (3) the stability of stream 
flow, which is reflected in costs for 
flood protection, size of spillways and 
size of impounding reservoirs required 
to provide a constant and uniform 
water supply. 
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Erosion Control on Watershed Lands 
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Head, Sedimentation Section, Soil Conservation Service, Washington, D.C. Fs 
Presented on May 8, 1946, at the Annual Conference, St. Louis, Mo. ; 


1127 


Dangers of Silting 


In 1941, the author pointed out (1) 
that studies by the Soil Conservation 
Service indicated that 21 per cent of 
the nation’s 2,600 impounding water 
supply reservoirs would have a useful 
life of less than 50 years as a result of 
silting, and another 25 per cent would 
last only 50 to 100 years. As the aver- 
age age of our water supply reservoirs 
is now more than 20 years, this repre- 
sents a critical condition, one that will 
involve large additional—and largely 
avoidable—costs to the taxpayers of 
many communities within the next few 
decades for enlargement and replace- 
ment of reservoirs. For this reason, it 
is obviously important that reservoir 
owners and operators maintain a fre- 
quent check on the silting condition of 
existing reservoirs and act to solve this 
problem before it becomes more critical. 
The Soil Conservation Service has de- 
veloped relatively inexpensive methods 
for making rough determinations, as 
well as more refined methods for mak- 
ing periodic detailed surveys. 

Even if a particular reservoir has lost 
only 10 to 20 per cent of its capacity, 
this loss may represent a critical hazard, 
especially if demands on the water sup- 
ply have increased as they have in so 
many cities during these last few years. 
Columbus, Ohio, discovered this fact 
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last year when a prolonged drought, be- 
ginning in June 1944 and accompanied 
by sub-freezing temperatures in De- 
cember 1944 and January 1945, prac- 
tically dried up the Scioto River. The 
city’s two reservoirs on this river had, 
when built, sufficient capacity to store 
a supply for about 173 days at the 1944 
rate of consumption. But silting had 
reduced the capacity ‘by 30 days’ sup- 
ply when the critical period arrived 
about the middle of January. The city 
had to impose severe water rationing, 
and some vital war industries had to 
suspend operations for a short period. 
The thaw came about the middle of 
February bringing flow of flood pro- 
portions. If the city’s reservoirs had 
only been able to store the extra 30 
days’ supply the previous spring in the 
space lost to silting, the situation would 
not have become critical. 


Cost of Filtration 


Studies made by the Soil Conserva- 
tion Service of water treatment plants 
in North Carolina indicated that a 
marked saving would result from re- 
duction of the suspended sediment load 
of streams (1). It was estimated that 
an average reduction of 25 to 30 per 
cent in the suspended load would save 
$1.50 per mil.gal. in the cost of chemi- 
cals and would result in an eventual 
over-all savings of $7 per mil.gal. as a 
result of smaller capital outlay for set- 
tling basins, filter plant units, power, 
labor and other costs for backwashing 
the filters and for flushing or cleaning 
settling basins. In most watersheds, 
it is not only possible but practicable to 
reduce the load of fine suspended sedi- 
ment by more than 25 or 30 per cent 
through soil conservation practices. In 
some agricultural watersheds, the load 
of fine sediment could be reduced 75 per 
cent or more while still maintaining 


JOURNAL——-AMERICAN WATER WORKS ASSOCIATION 


4 


‘ol. 


profitable agriculture or the best land 
use. Every treatment plant operator 
should analyze his own plant records 
to determine what savings would re. 
sult both in immediate operating costs 
and in future plant additions and re. 
placements from reduction in the sedj- 
ment content of the water being treated, 
particularly during periods of storm 


runoff. 
Stability of Flow 


The influence of forests on stabiliza- 
tion of stream flow his been shown by 
many investigations. Soil conservation 
practices on agricultural land also tend 
to stabilize the water supply, reducing 
the peak rates of runoff from many 
storms and increasing the low water 
flow of streams. It is not yet generally 
possible to evaluate in monetary terms 
the effects of watershed treatment on 
the quantity and seasonal distribution 
of water supply, but there is convine- 
ing evidence that the effects of water- 
shed control are most favorable. 


Protection of Watersheds 

Having recognized the benefits from 
watershed control, just what can cities 
or water companies or industries do to 
obtain better watershed protection? 
There is almost universal agreement 
that the best possible watershed condi- 
tion is a well-managed and _ well-pro- 
tected permanent vegetal cover—forest 
in natural forest areas, brush or grass 
where climatic conditions do not favor 
trees. A few cities and industries art 
fortunately so situated that they can 
obtain their supply from watersheds 
which are largely in their native cover 
Furthermore, the land in such water- 
sheds is generally in public ownership 
or is privately held in large tracts 
Here the problem has been or can be 
solved by entering into co-operative 
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agreements with the landowners and 
with federal, state and local forestry 
agencies for fire protection, mainte- 
nance and improvement. Over the 
country as a whole, however, the great 
majority of surface water supplies come 
from areas subdivided into small pri- 
vate land holdings utilized mainly for 
farming and ranching. Such areas, in 
private ownership, present the greatest 
problem in watershed control now fac- 
ing water works operators. 


Small Watersheds 


In this situation two courses are 
open. The water works operators may 
undertake to acquire the entire water- 
shed, get it under permanent cover and 
set up a management and protection 
program. Or they may enter into some 
contract by which the lands will be ade- 
quately improved, protected and man- 
aged while remaining in private hands. 
For relatively small watersheds, pur- 
chase and management is often the most 
practicable course. As the watersheds 
grow larger, however, the obstacles to 
this policy are obvious. Complete pur- 
chase becomes too costly. Further- 
more, the dedication of very much good, 
arable land to permanent cover would 
not promote the national welfare. We 
have even now less good land than we 
need for crop production, and the 
shortage is becoming more acute. 

Before considering the control of 
larger watersheds which are mainly in 
private ownership, it may be instruc- 
tive to note two examples of the bene- 
fits of purchase and erosion control 
undertaken on the initiative of water 
works operators. 

In 1925, the town of Newnan, Ga., 
developed a new water supply, which 
included the construction of a 125-mil. 
gal. impounding reservoir. This res- 
ervoir had a drainage area of 890 acres 


of rolling and badly eroding land. 
About one-third of the area was in 
scrubby woodland, the remainder in 
cultivation or idle because of gullying. 
More than half the topsoil on the 
watershed had been washed away. The 
city at once embarked on a purchase 
program, and has now acquired all but 
50 acres at a cost of $32,000. 

The state Division of Forestry was 
solicited to prepare a plan for water- 
shed control. On its recommendations, 
a farm was planted to pine as soon as 
it was purchesed. More than 100,000 
slash pine have been set out and na- 
tural reseeding has been rapid. Wire 
and brush dams were built in the gul- 
lies. Eight miles of fire breaks were 
cleared. The watershed is now 83 
per cent in forest, only 10 per cent in 
open land, and 7 per cent in urban 
area in the fringes of the city. A full- 
time city employee maintains a fire 
and sanitary patrol of the watershed 
as well as the lake, and supervises tree 
planting. Watershed improvement and 
maintenance has cost from $2,500 to 
$5,000 per year. 

The Soil Conservation Service made 
reconnaissance surveys of this reser- 
voir in 1937, when the purchase and 
planting program was not half com- 
pleted, and again in 1945. It was 
found that the annual storage loss had 
been reduced from an average of ap- 
proximately 632,000 gal. prior to 1937 
to an average of only 179,000 gal. since 
1937—a reduction of 62 per cent. 
Furthermore, since 1942 the maximum 
turbidity of raw water has not ex- 
ceeded 200 ppm. although values in 
excess of 1,000 ppm. ordinarily occur 
several times in a normal year in nearly 
all southeastern streams. The water 
works superintendent states that there 
has been a striking reduction in the 
flashiness of runoff from summer 


: 
4 
: 
| 
q 
= 


Soil 


States in which a 
VZ, Districts Law has 


> 


been enacted 
(47 States) 


Soil Conservation Districts in the United States 


AS: \N pit: on) era 
IG RK \ \ 


‘ol. 38 


71G. 


Soil Conservation Districts in the United States 


storms and marked stabilization of out- 
flow from the watershed. 

Another outstanding example is the 
East Bay Municipal Utilities Dist. of 
Oakland, Calif., which has watershed 
areas totalling 86 square miles in the 
hills east of that city. It owns large 
blocks of land aggregating from 24 to 
92 per cent of the respective areas of 
these watersheds. This district en- 
tered into a co-operative agreement 
with the Soil Conservation Service a 
number of years ago to determine the 
sources of erosion by appropriate sur- 
veys in the watersheds, and to develop 
a program of erosion control. The 
survey disclosed that the principal 
sources of sediment were: (1) chan- 
neling of natural water courses; (2) 
hillside gullies; (3) erosion on small 
tracts of cultivated land; and (4) land 
slips and slides, caused in considerable 
part by road construction and improper 
land use. The program recommended 
by the service, which is being carried 
out by the district, includes control 
structures in waterways and gullies, 
vegetative plantings to stabilize gullies, 
stream banks and road ditches and re- 


adjustments in land use. 


Consideration of the larger water- 
sheds, where complete or extensive 
land purchase is not feasible, brings 
into the picture the Soil Conservation 
Districts. These districts are local 
units of government, organized and 
operating under state laws. They are 
set up and run by landowners and op- 
erators in order to protect farm and 
ranch lands from erosion, to conserve 
rainfall and to increase the productivity 
of the soil. The landowners in these 


Larger Watersheds 


districts elect their own governing body 
(usually 5 supervisors or directors). 
The districts have authority to ask and 
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receive aid from state and federal gov- 
ernments ; the Soil Conservation Serv- 
ice and other federal and state agencies 
furnish technical and educational as- 
sistance and sometimes a_ limited 
amount of planting stock, seed, equip- 
ment and other help. The districts 
have carefully formulated programs 
and specific work plans. The work of 
each farmer on his own farm fits into 
the district-wide plan. Often farmers 
work in groups, helping each other to 
apply good land use and conservation 
methods to their lands. Teamwork is 
the keynote. pom 


Spread of Soil Conservation ngs 


As of February 15, 1946, there were 
1,467 organized districts embracing 808 
million acres of land (Fig. 1). Dur- 
ing the period when attention was con- 
centrated on the greatest war in his- 
tory, the number of soil conservation 
districts organized by the farmers 
themselves almost tripled. This, in 
itself, is ample proof of the momentum 
éf the soil conservation movement and 
its popular support. It appears likely 
that, within a very few years, virtually 
all privately owned agricultural and 
range land in the country will be within 
these districts. 

During the war period, the rate of 
application of soil conservation prac- 
tices has increased somewhat despite 
the loss of more than 2,000 technicians 
from the Soil Conservation Service to 
the armed forces. This has been pos- 
sible because the farmers have learned 
more and more about conservation 
practices and have done more on their 
own with less technical guidance. Dur- 
ing the past year, with conservation 
specialists returning in large numbers 
and with a favorable increase in ap- 
propriations granted by the Congress, 
the service has set itself an ambitious 
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goal—to double the acreage on which 
conservation practices and treatments 
are annually being applied. Through 
1944, treatment had been completed on 
about 76 million acres; and, in that 
year, a little more than 10 million acres 
were treated. This does not take into 
account, however, the spread of many 
conservation practices to neighboring 
farms, on which it has not yet been 
possible to prepare complete conserva- 
tion farm plans. 

From these statistics, it might be 
inferred that the farmers are going to 
do all of the job of watershed control 
within a relatively few years; and, 
therefore, any concern of water works 
operators over this problem is need- 
less. Actually, the opposite is true. 
The support of the membership of the 
Association is urgently needed now to 
provide adequate control in water sup- 
ply areas, as a few more figures will 
demonstrate. There are a little more 
than 1 billion acres of farmland in the 
United States. All but 724 million 
acres of this land is subject to erosion 
if it is not protected by soil conserva- 
tion practices. In other words, more 
than 90 per cent of all the farm land 
in the United States needs some form 
of treatment or protection. After 10 
years of national effort, slightly less 
than 10 per cent of all the land that 
needs treatment has been treated, and 
not all of this was treated in the best 
possible way. To complete the con- 
servation job in the United States— 
to protect our precious heritage of soil 
and water resources—will take a vast 
effort, so vast that it might eventually 
cost almost as much as was spent on 
the war in a whole month last year. 


Conservation Still Needed 


The Soil Conservation Service has 
recently made a state-by-state survey 
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to determine how much work remains 
to be done to control erosion. This 
survey further emphasizes the enor- 
mous job that lies ahead, despite the 
work already done. Just a few items 
will illustrate the scope of require- 
ments: 125 million acres need to be 
changed from up-and-down hill farm- 
ing to contour planting; crop rotation 
systems need to be developed on 213 
million acres; strip cropping should be 
installed on 96 million acres; 111 mil- 
lion acres of range and pasture need 
to be seeded; 91 million acres need to 
be terraced ; 12 million acres of gullied 
land need to be planted to trees; 1,- 
200,000 stockwater developments are 
needed. It is estimated that the re- 
maining conservation job will require 
3,600,000 man-years of labor; 1,400,- 
000 equipment-years for tractor and 
horse-drawn equipment ; 2,500,000 tons 
of seed for establishing permanent 
cover and 27 billion seedlings and 
cuttings of trees, shrubs and plants. 

Even at a much accelerated rate of 
application of conservation practices 
by the farmers, the complete job is 
going to take a good many years. 
The job will not be done in time to 
save many water supply reservoirs or 
to serve the present generation of wa- 
ter users adequately unless steps are 
taken by water works operators to ac- 
celerate the application of conservation 
practices on water supply drainage 
areas. 


Financial Aspects 


One more point is worth stressing. 
The compelling motive of farmer in- 
terest in soil and water conservation 
is to keep the good land good—to build 
up, protect and make more productive 
those acres on the farm that will yield 
the greatest return per dollar of cost. 
This is but another reflection of the 
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deeply-rooted profit motive in the 
American people and their enterprises. 
In former generations Americans found 
it more profitable to wear out a farm 
and move on westward to cheap, new 
fertile lands. There is no longer any 
good cheap land left in this country. 

The expansion of our agricultural 
frontier now involves costly drainage, 
irrigation and flood control works. It 
is becoming increasingly profitable to 
conserve remaining good soils on older 
agricultural areas. This is the real 
underlying basis of the widespread ac- 
ceptance of the conservation movement. 
But it has not yet become profitable, 
from a short-term point of view, for 
many individual farmers to install the 
more costly measures that are often 
necessary to reclaim lands already 
ruined or nearly ruined for agriculture 
by severe soil losses, deep gullying and 
rapid stream bank erosion. 

To be sure, some farmers in good 
financial circumstances have enough 
pride in their land holdings to put all 
parts of the farm under good control, 
but the average American farmer finds 
it financially impossible to carry out 
all of the control measures and land 
use readjustments that a soil conser- 
vationist recognizes as essential for 
permanent protection of the soil. Al- 
though the farm plans which the con- 
servationist prepares may show all of 
the work that is needed, the applica- 
tion by the farmer may represent only 
partial compliance with the plan. He 
is often simply unable to go any 
further. 

After he understands their advan- 
tage, the farmer will generally accept 
contour farming, systems of crop rota- 
tion and cover crops. Usually he will 
go along on strip cropping, terracing, 
liming and fertilizing pastures, con- 
trolling to a reasonable degree the 
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grazing use of the land, and adopting 
better methods of woodland manage- 
ment. The works which he finds more 
difficult to accomplish are the construc- 
tion of adequate water disposal sys- 
tems, soil-saving dams, the plantings 
necessary to control larger gullies and 
severely eroded slopes, and the control 
of bank erosion along the streams 
crossing his farm. The control of ero- 
sion along highways and particularly 
county roads is another problem on 
which not too much progress has yet 
been made. These badly eroded slopes, 
gullies, stream banks and roads are 
often the sources of the heaviest sedi- 
ment production in the watershed and 
greatest damage to downstream water 
works. 


Conservation Farm 


One of the most important aids ren- 
dered by the Soil Conservation Service 
to the farmer is the preparation of the 
conservation farm plan. This is based 
on a detailed conservation survey 
which shows the soils, slopes, degree 
of erosion and land use of the area. 
From the data obtained in these sur- 
veys, the land is divided into eight 
classes according to its capability. The 
need for land use readjustments and 
for various types of treatment and pro- 
tection on watershed areas can readily 
be determined from these maps, im- 
plemented, if necessary, by special sur- 
veys of roads and streams. 


Watershed Control Measures 

Some practical steps can be taken 
to obtain adequate controls on water- 
sheds which are largely in_ private 
ownership : 

1. Water works operators can ex- 
pedite the soil conservation program 
on their watersheds by employing one 
or more full-time soil conservationists 
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to work in co-operation with the soil 
conservation district or districts in 
farm planning, and give guidance in 
the application of practices and instal- 
lation of structures and in maintenance 
work on the particular watershed. 
This is the course that the City of 
Decatur, Ill., has taken. For the past 
five years the city has appropriated 
$12,000 annually to employ two soil 
conservationists to further the work 
of the several districts in its large 
Sangamon River watershed, 

2. Water works operators can un- 
dertake a land purchase and treatment 
program, based on recommendations of 
the soil conservation district and guided 
by the land capability maps of the area. 
Land purchased for watersheds should 
not be just a strip around the lake. 
Purchase should be based on the prin- 
ciple of acquiring the land where ade- 
quate treatment by individual owners 
cannot be obtained because of land con- 
dition, legal complications or other 
reasorfs, and where the erosion hazard 
is especially severe with respect to con- 
tribution of sediment to streams. 

3. Funds can be made available un- 
der contract with the districts to be 
expended on particular types of treat- 
ments which are financially difficult or 
impossible for the average farmer to 
carry out. This was done by the city 
of Roxboro, N.C., which appropriated 
$1,000 to be used by the district in 
developing grassed waterways. Funds 
are needed in most districts particu- 
larly for those measures which are rela- 
tively the most difficult for the indi- 
vidual farmer to carry out, but which 
are often the most effective in con- 
trolling sediment production that af- 
fects water supply. 

Examples of such measures are: 

a. Grassed waterways, supported 


where necessary by terrace outlet 
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structures and drop structures in the 
waterway ; 

b. Gully control work, including 
planting, sloping, minor structures, and 
diversions to prevent drainage into the 
gully. Figure 2 shows a huge gully 
at Yoakum, Tex., which resulted from 
unprotected terrace outlets. The same 
gully, after the terraces were rear- 
ranged to divert the excess water into 
vegetated diversion channels, is shown 
in Fig. 3. The gully has been sloped 
and an excellent cover of Bermuda 
grass obtained by solid sprig sodding, 
which also affords some grazing. 

c. Stream bank erosion control. A 
severe instance of such erosion along 
the Wynooche River in Washington 
is shown in Fig. 4. Between 1935 and 
1939, when this photograph was taken, 
six acres of land was lost in the area, 
resulting in enormous sediment pro- 
duction. The sloping, rip-rapping and 
brush matting work illustrated in Fig. 
5 was done by a CCC camp the fol- 
lowing summer. The farmstead in the 
background is protected by rock. 

d. Soil-saving dams, channel con- 
trol dams, drop inlet structures above 
road fills. Figure 6 shows a road cul- 
vert in Marion County, Mo., con- 
structed with a riser to control a gully 
in the field above and to induce sedi- 
ment deposition. The expense to the 
farmer, including 23 sacks of cement, 
was $20; all other materials and 35 
man-days of labor were furnished by 
a CCC camp. 

e. Sediment detention basins, which 
can often be combined with stock ponds 
that are useful to the farmer. 

f. Roadside erosion control. In this 
the water works operators can also 
help by direct appeal to state and 
county road authorities. 

g. Planting of abandoned, gullied 
land. 
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Fie. 5. Same Bank After Sloping, Rip-Rapping and Brush-Matting Treatment 
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Fic. 6. Gully Control by Construction of Concrete Riser on Culvert 


4. Excess labor can be used. Many 
cities and water companies employ per- 
manent labor forces which in ordinary 
times have slack periods, even if only 
a day or two at a time. With con- 
tinuing work projects in the water- 
shed, such as tree planting or con- 
struction of small dams and culverts, 
these labor forces can be used on the 
days when they are not needed in 
town or at the water treatment plant. 

5. Idle equipment can be put to 
work. The districts can nearly always 
use bulldozers, power shovels, ditch 
diggers or trucks on conservation work 
in the watershed on days that they 
might otherwise be idle. 

6. Contributions of scrap materials 
will give material aid. Supplying sec- 
ond-hand pipe, fencing and many other 
scrap materials to the districts will pay 
a much higher return in erosion con- 
trol than in the scrap dealer’s yard. 


Supplying cement through the district 
may be all the incentive the farmer in 
the watershed needs to build a masonry 
check dam. Or some wire may permit 
him to place a willow matting for 
stream bank protection. 

There is no need to emphasize that 
water works interests are already be- 
ing greatly benefitted by the Soil Con- 
servation Districts movement and that 
whole-hearted co-operation with the 
districts can result in rapid improve- 
ment and adequate control on privately 
owned watershed areas. The Soil Con- 
servation Service stands ready to ad- 
vise and assist in developing this co- 
operation. 


1. Brown, Cart B. Factors in Control of 
Reservoir Silting. Jour. A.W.W.A., 
33: 1022 (1941). 
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proper extent of public use of 
reservoir lands and waters can be 
determined only after careful study of 
the individual reservoir in the light of 
the public relations, the social, the eco- 
nomic and the health and sanitation 
factors involved. This is a problem 
of management as well as of sanitation. 
Consideration must be given first to 
eliminating all uses which are not com- 
patible with the economical production 
of a safe and satisfactory water sup- 
ply. Purely social values must be 
subordinated to those of importance in 
the successful operation of the utility. 
Public relations aspects of the problem 
must not be overlooked, but they must 
be relegated to a position of secondary 
importance if the sanitary integrity of 
the water supply is involved. 

It seems evident, in view of the ne- 
cessity for giving consideration to such 
diverse factors, that rules of universal 
application cannot be established, but, 
rather, that general principles should 
be developed which can be used in 
studying individual problems of public 
use. 

Such problems are by no means new. 
The Index to the JouRNAL shows that 
the subject of watershed protection has 
been under discussion on the programs 
of the Association since 1888. In that 
year, J. N. Tubbs presented the first 
paper on this subject (1). Several 
other papers (2-5) dealing generally 


1138 


| Public Use of and Waters 
By Lewis S. Finch 


Chairman, A.W.W.A. Sub-Committee 3C—Public Use of Watershed Areas; Chief Engr, 
Indianapolis Water Co., Indianapolis, Ind. 


Presented on May 8, 1946, at the Annual Conference, St. Louis, Mo. 


with the protection of watersheds were 
published in the JouRNAL during the 
ensuing years, and, in 1923, a com- 
mittee appointed by the Association to 
study watershed sanitation presented 
a comprehensive progress report (6). 
This report later was used as a basis 
for the chapter on “Watershed Pro- 
tection” included in the Water Works 
Practice Manual (7) published by the 
A.W.W.A. in 1925. In this chapter 
of the Manual, the problem of water- 
shed sanitation was discussed from 
many different angles, the trend of 
thought advanced by the report being 
exemplified by the entities quota- 
tion: 


Efforts should be directed toward the 
restriction by statute of all activities tend- 
ing markedly to pollute unfiltered water 
supplies, and those tending to pollute fil- 
tered water supplies to such an extent as 
to overload or to threaten seriously to 
overload ordinary purification processes. 


Conflict of Opinion 


This philosophy was well received 
in many parts of the country, but E. 
Sherman Chase, Cons. Eng. of Boston, 
Mass., took issue, objecting that the 
tenor of the report tended to “minimize 
somewhat the value of watershed sani- 
tation, particularly where purification 
methods are employed” (8). He fur- 
ther declared that “purification meth- 
ods are subject | to the limitations of 
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human frailties ; and, if interruption of 
purification methods occur, the chance 
of unfortunate results as regards out- 
breaks of disease are much less with 
a reasonably well protected watershed 
than with one wholly unprotected.” 

That this viewpoint was not neces- 
sarily that of water works men through- 
out the country is best brought out by 
a paper presented at the San Francisco 
Convention in 1928 by Helman Rosen- 
thal (9), Director of Laboratories at 
Dallas, Tex., in which he declared: 

This subject is necessarily controver- 
sial. Some would fence off all reservoirs 
and let no one have a look at them. 
Others would throw them wide open. 
Neither of these opinions are based, of 
course, on scientific facts. 


He also said that, in his opinion, the 
only criterion for deciding 


. whether hunting, boating, and fish- 
ing or even bathing should be permitted 
is the load that the water purification 
plant can safely and economically handle. 

. It may be argued that it would be 

ideal to eliminate all possible pollution 
from our raw waters. Such a condition, 
even if desirable, would be uneconomical. 
In this connection, it must also be remem- 
bered that there are vast areas in the 
United States that have no large bodies 
of water, and to deny the citizens the 
use of such water as is available would 
be to deprive them of something very 
essential to their well-being. 
Perhaps it has been unfair to quote 
these writers after a lapse of about 
eighteen years, for one’s viewpoint often 
changes with the passage of time. 
Nevertheless, whatever the authors’ 
present opinions, there are others to- 
day, and many of them, who whole- 
heartedly subscribe to each of these 
divergent viewpoints. 

It is not the purpose of this discus- 
sion to attempt to settle the contro- 
ta for it is aati that the ex- 
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isting differences in opinion are so 
great and, in many instances, so in- 
volved with traditional prejudices, that 
to secure complete agreement verges 
upon the impossible. Rather, it is 
hoped to arrive at a general scheme 
of analysis which, although it may not 
serve to reconcile the divergent view- 
points, at least may serve to stimulate 
discussion. 

Any discussion of the limitations 
which should be placed upon public 
use of reservoir land and waters will 
be helpful to Sub-committee 3C—Pub- 
lic Use of Watershed Areas of the 
A.W.W.A. Committee on Watershed 
Protection and Maintenance. The 
sub-committee plans to consider the 
effect of various possible degrees of 
public usage of reservoir land and 
waters upon the operation of the water 
works and the well-being of the com- 
munity served. From this study, it 
hopes later to be able to draw conclu- 
sions which will aid those developing 
an administrative policy for a specific 
reservoir. 

The opinions advanced in this paper 
are those of the author, however, and 
do not represent, in any way, the view- 
point of the committee. These opin- 
ions, further, are being expressed 
largely in an effort to stimulate dis- 
cussion, rather than to present an 
answer to the problem. 

For the purposes of discussion, “pub- 
lic use” may be interpreted to include 
the development of resorts, boating, 
bathing, fishing, camping, picnicking, 
hiking, nature study and similar recrea- 
tional and educational activities. In 
determining which, if any, of these ac- 
tivities may be permissible in the area 
of a given reservoir, the factors which 
should be considered are: (1) the ef- 
fect upon the operation of the water 
_ works and the quality of the water 
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produced, (2) the social benefits for 
the community, (3) the effect upon 
public relations, and (4) the cost to 
the utility as compared with allowable 
expenditures for bettering public rela- 
tions. 

It may be noted that the factors 
suggested include matters of interest 
to management as well as those in- 
volving sanitary considerations. In 
that respect, this approach to the prob- 
lem differs from those previously re- 
ported. 


Quality of the Water 


Of course, no public or other use 
of reservoir lands and waters should 
be permitted which tends to affect ad- 
versely the operation of the water 


t, works, either by endangering the qual- 


ity of the water, by creating operating 
problems or by unduly increasing op- 
Capi- 


_ tal expenditures not commensurate with 
benefits accruing to the utility in im- 


proved public relations should not be 


incurred. 


Of primary importance, however, is 
the effect of the proposed public use 
upon the quality of the water supply 
served to the public. There is less 


. _ divergence of opinion on the public use 
of reservoir lands and waters for un- 


filtered 
Where filtration is not practiced, very 


limited public use, if any, 


than for filtered supplies. 


should be 


permitted. 


H. E. Moses, now Chief Engr. of 


the Pennsylvania Dept. of Health, in 


_ discussing the Rosenthal paper (9), 


made the following statement regard- 


_ ing unfiltered supplies : 


= Two general principles may be applied 


to a watershed to ascertain if some meas- 


uring stick can be adepted which will 
have more or less general application 


- throughout the country, and in this con- 
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nection it might be well to consider the 
“recreational use” of a watershed as com- 
prising bathing, fishing, hunting and 
camping : 

First, where the reservoir does not 
have a nominal long-time storage and 
where ways and means have not been 
installed or are not being operated to 
safeguard the sanitary quality of the wa- 
ter delivered to the consumers and where 
the catchment area is relatively unin- 
habited and untraversed by much-traveled 
highways, the recreational use of the 
catchment area does constitute a menace 
to the public health. 

Second, where the nominal retention 
of the water in the reservoir can be con- 
strued as adequate long-time storage and 
where ways and means have been in- 
stalled and are being operated to safe- 
guard the sanitary quality of the water 
delivered to the consumers and the catch- 
ment area is inhabited or traversed by 
extensively used highways, the recrea- 
tional use of such a catchment area does 
not constitute a menace to the public 
health. Persons so using~sthese areas do 
not add an undue burden upon the self- 
purification to be obtained from the as- 
sured long-time storage and from the 
artificial ways and means which have 
been installed and are being operated to 
safeguard the sanitary quality of the 
water delivered to the consumers and 
hence, in such cases, consideration might 
be given to permit the public a restricted 
use of the watershed area, exclusive of 
the reservoir and the margins thereof. 


With filtered supplies, the situation 
is far less critical, and more liberal use 
of reservoir lands and waters may well 
be permitted if other bodies of water 
are not readily available to the public. 
Mr. Moses also contended that: 

There are certain streams used as 
sources of public water supplies, prin- 
cipally the rivers and major tributaries 
draining developed areas, having a rela- 
tively large volume of flow, used with a 
maximum of purification measures and 
where filtration of the water is the al- 
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most universal practice, wherein recrea- 
tional use might be permitted with rea- 
sonable safety. 

In general, fishing and possibly boat- 
ing would seem to add little hazard 
where complete water purification fa- 
cilities are available and carefully op- 
erated. Picnicking and other recrea- 
tional activities, with the possible ex- 
ception of swimming, would appear 
permissible. Mass bathing could be 
considered to constitute a hazard even 
with filtered supplies, although it must 
be admitted that examples can be cited 
where bathing is permitted with no 
apparent ill effect. Except under the 
most unusual circumstances, however, 
psychological considerations, at least, 
would make it unwise to permit swim- 
ming in reservoirs. 

The maintenance of resorts or cot- 
tages upon reservoir lands seems quite 
undesirable even with filtered sup- 
plies. Again, it must be admitted that 
there are instances where such estab- 
lishments are permitted without ap- 
parent untoward results; but, even so, 
it appears that such practices should 
be allowed only under the most un- 
usual circumstances and under strict 
control. 

Many sanitary authorities and pub- 
lic health officials accept the fact that 
public use of reservoir lands and wa- 
ters does not constitute a sanitary de- 
fect in the water supply unless the type 
and extent of the use are sufficient to 
pollute the raw water grossly. In fact, 
the “Manual of Recommended Wa- 
ter Sanitation Practice Accompanying 
United States Public Health Service 
Drinking Water Standards, 1942” (10) 
contains no mention of recreational 
hazards in the discussion of filtered 
supplies, although it does list “insuf- 
ficient restrictions on recreational use 
of streams and reservoirs, together 
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with their marginal lands, in the local 
catchment area” as a possible sanitary 
defect of unfiltered supplies. 

It seems unnecessary to discuss this 
angle of the problem further except 
again to point out that there are so 
many different circumstances to be 
considered that it is impossible to lay 
down rules which may be applied in- 
variably. 


Community Benefits 


It appears unwise to permit public 
use of reservoir lands and waters un- 
less a definite community benefit may 
result. Should other satisfactory rec- 
reational areas and facilities be readily 
available to the public, there seems no 
point in competing with the other fa- 
cilities. Under such circumstances, it 
is believed that few, if any, recreational 
privileges should be extended to the 
public upon the reservoir lands or 
waters. 

On the other hand, in regions where 
no other bodies of water are available, 
the water works quite properly can 
provide recreational facilities upon the 
reservoir property which are consistent 
with economic and health considera- 
tions. Where it is not expedient to 
permit recreational use of reservoir 
lands, it may be found desirable to set 
aside the restricted area as a bird sanc- 
tuary and game refuge. 

It must always be remembered, how- 
ever, that the prime function of the 
water works is to supply water and 
not to extend community service, no 
matter how desirable from the civic 
viewpoint. 


Public Relations 
Effectively controlled public use of 
reservoir lands and waters quite prop- 
erly may be used as a means of im- 


: 
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proving the relations of the water 
_ works with the public, provided that 
only such use is permitted as will not 
adversely affect the operation of the 
utility or the quality of the water. 
Particularly in regions where no other 
bodies of water are available to the 
public, the utility can make many 
friends by allowing the reservoir and 
its lands to be used by the public. 
; Money for promoting public rela- 
tions quite properly can be included 
in the budgets of water utilities, and 
no better way of spending it can be 
_ found than in providing proper recrea- 
tional and educational facilities for 
public use. 


Cost of Public Relations 


Economic considerations help to de- 
termine the justification of the public 
use of reservoir lands and waters. 
_ Whatever cost is incurred must gen- 
erally be charged against the budget 
for maintaining or improving the rela- 
tions of the utility with the public. 
- Should the cost of extending recrea- 

tional facilities exceed the amount 
_ properly chargeable to maintaining 
- good public relations, the additional 
cost should be met by some other 
agency. Where costs so overrun, the 
_ discrepancy might possibly be met by 
establishing a concession and making 
the recreational facilities pay their own 
way. In any event, it is not only poor 
accounting to charge too much to 
good-will budgets, but it is also unfair 
to the water customers to make them 
pay for the recreational facilities of 
the community. 


Summary 


So many diverse factors determine 
the degree to which the public properly 
_ may be allowed to use reservoir lands 
and waters that rules of universal ap- 
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plication cannot be established. Rather, 
general principles should be developed 
which can be used in studying the in- 
dividual reservoir public use problem, 

In any event, consideration may well 
be given to permitting such use of 
water supply reservoir lands and wa- 
ters as may appear justified when com- 
pared with each of the following cri- 
teria: 

1.The public use must be consistent 
with the economical production of a 
safe and satisfactory water supply, 
Where water supplies are unfiltered, 
public use generally should be re- 
stricted, if not completely prohibited. 
Where supplies are filtered, a much 
more liberal policy may be followed, 
and often many desirable recreational 
and educational uses permitted. 

2. All public use of reservoir lands 
and waters which is permitted should 
be such as to result in a definite com- 
munity benefit. 

3. If consistent with other limiting 
factors, public use of reservoir lands 
and waters quite properly may be per- 
mitted as a means of improving the 
relations of the water utility with the 
public. 

4. The cost to the utility of extend- 
ing and controlling worthwhile public 
use of reservoir lands and waters must 
be commensurate with the benefits ac- 
cruing to the utility. The prime func- 
tion of the water works is to supply 
water and not to extend community 
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An Improvised Curb Box 


By Wendell R. LaDue 
Supt. & Chief Engr., Bureau of Water & Sewerage, Akron, Ohio 


A Contribution to the Journal 


ECESSITY is the Mother of In- 

vention” is an old saying particu- 
larly adaptable to the present day if we 
may consider “invention” to include 
“ingenuity.” 

All over the country, men in the 
water works field find themselves in 
open competition for the reduced sup- 
plies of materials that were once con- 
sidered commonplace. Particularly is 
this true in housing construction, as 
well as in mercantile and small busi- 
ness demands. 

The water works man has always 
taken pride in his product and its con- 
tribution to public welfare through de- 
pendable, continuous service. Now he 
is called upon to perform miracles of 
ingenuity to enable his plant to con- 
tinue to operate, to produce, to deliver 
and to be maintained even at a pre- 
carious level. Crises in all these func- 
tions have occurred, and the story of 
each is an interesting example to all. 


Necessity 
The story of how ingenuity over- 


came a shortage in curb boxes—a very 
critical item—at the Akron, Ohio, 


Water Works is such an example. 
Some months ago, when it was be- 
coming 


increasingly apparent that 


housing development and the demand 
for services would outdistance curb 
box deliveries, the Water Service Diy. 
was called upon to devise ways and 
means to solve this problem. 

With over 9,000 services installed in 
streets in advance of paving, but not in 
use, it seemed possible that in a crisis 
these unused boxes could be salvaged 
and reused. The scarcity of additional 
labor and the need for all existing labor 
on new installations at least postponed 
this procedure. 


Invention 

Finally, out of desperation was born 
a curb box made almost entirely of 
scrap materials gathered in junk yards 
and half-forgotten supply dumps. The 
idea may not be entirely original but a 
glance at the sketch (Fig. 1) will show 
that it is practical. The cost is much 
less than for new curb boxes, and it is 
believed that they will last just as long. 
If they should require replacement 
after many years, at least the added 
cost bridged a present emergency. 

This short story is told in the hope 
that it will help others in a like dilemma, 
and that it may inspire others to the 
exercise of ingenuity in solving similar 


problems. 
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Top Cap 


Rod 


Extension 
< 


Bottom Section 


Base Plate 


Standard Top 


If No Top Is Available Use 
Standard 1}-in. Pipe Cap 


Can be either standard pipe 

Cap; pipe coupling with standard 

nut or standard boxtop. 
24 


Standard curb box rod. 


Standard pipe, black or galvanized, 
steel or wrought - iron, 
preferably wrought - iron. 
Moves up and down for 
adjustment and is held 
by spring clip. 


Standard pipe, black or galvanized, 
steel or wrought - iron, ad 
preferably wrought - iron 


Soft steel plate of any 
obtainable dimension; preferably 
4-in. width. Whether short 

plate or bent plate is used 
depends on availability of 
material. 


Bricks or old paving blocks 
are usually available. 


Ain, Wrought-lron Pipe 
4 ft. Long for Adjustable 
Extension ' 


|_ Washer 
| 
‘| 
| 
= 


% 


2.in. Wrought - Iron Pipe 
18 in. Long 


I 


4-in. 12-in.  }-in. 


Soft Steel Plate 


Alternate Method 
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‘The Micro-Titration of Chlorine With 


Methyl Orange 


By Michael Taras 
San. Chemist, Dept. of Water Supply, Detroit, Mich. 


Presented on Sept. 20, 1946, at the Michigan Section Meeting, Traverse City, Mich. 


HE recent trend in water works 

practice toward differentiation be- 
tween free chlorine and chloramine has 
developed the need for estimating these 
kindred halogen forms. The titrimetric 
method of choice in the determination 
of total chlorine is the starch-iodide 
method (1). Distinction between chlo- 
rine and chloramine, however, is im- 
possible by this method. 

A demand manifestly exists, there- 
fore, for a volumetric method capable 
of measuring one form to the exclu- 
sion of its closely related counterpart. 
Such a method is possible, making use 
of the spontaneous reaction of dilute 
methyl orange with elementary chlo- 
rine in a dilute hydrochloric acid me- 
dium. 

The bleaching action of chlorine on 
methyl orange has received consider- 
able attention in Europe. The most 
significant contribution to the under- 
standing of the reaction and its numer- 
ous possibilities is a Dutch monograph 
by Holwerda (2). The first part of 
the monograph has been translated 
into English (3). According to Hol- 
werda, the qualitative decolorization of 
methyl orange by chlorine in hydro- 
chloric acid was first reported by 
Winkler in 1915. The test was sub- 
sequently converted into an empirical 
volumetric procedure and resulted in 
the uncovering of valuable data on the 


properties of chlorine and chloramines, 
By contrast, the American literature 
(4, 5) on the methyl orange-chlorine 
reaction is limited. 

The methyl orange reaction is re- 
markable in that it offers a means of 
differentiating free chlorine from chlo- 
ramine (6). For this reason, an in- 
vestigation was undertaken into the 
various factors governing the reaction. 
This study revealed that an instan- 
taneous and virtually quantitative re- 
action can be produted by regulating 
the amount of hydrochloric acid in 
solution. Under the same conditions, 
chloramine is practicaly inert to methyl 
orange. 


Nature of the Reaction 


The decolorization of methyl orange 
by elementary chlorine proceeds on a 
molecular scale in a dilute hydrochloric 
acid medium. Preliminary experimen- 
tation showed that 1 ml. of 0.005 per 
cent methyl orange solution is instantly 
decolorized by 21.9yg. of chlorine. 
Since 1 ml. of 0.005 per cent solution 
contains 50.0 ug. of methyl orange, this 
yields a methyl orange-chlorine ratio 
of 2.28. The ratio of one molecular 
weight of methyl orange and two mo- 
lecular weights of chlorine is 2.34, well 
within experimental error of the value 
2.28. Inasmuch as methyl red and 
other azo dyes are bleached in acid 
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medium, it is logical to presume that 
the common azo bond is the locus of 
the reaction, and that the oxidation 
results in the disruption of the azo 
linkage. 
(CHs)2NCsHiN = NC«H,SO;Na + 

—> (CH3)2NCsH,NCI, + 

1. Methyl orange stock solution 
(0.05 per cent). Dissolve 0.5000 g. 
methyl orange dye in 1 liter of dis- 
tilled water. 

2. Methyl orange solution (0.005 
per cent). Dilute the stock solution to 
the proper volume. The reagent has 
excellent stability. 

3. Dilute hydrochloric acid (5 N). 
Dilute 428 ml. concentrated hydro- 
chloric acid to 1 liter. 


Pipette 100 ml. of the sample into 
a white porcelain casserole. Add 2 to 
4 drops of dilute hydrochloric acid. 
Then, with continuous stirring, rapidly 
titrate with 0.005 per cent methyl or- 
ange to the first pink color. 

To convert into parts per million 
chlorine, substitute in the following 


ppm. Cl, = 0.04 xen 


+ (0.217 x mi. methy! orange used). 


Reagents 


Effect of Various Factors on Re- 
action 


Specific Acid Medium. Dilute hy- 
drochloric acid alone supports a spon- 
taneous reaction between chlorine and 
methyl orange. The presence of sul- 
furic, nitric or acetic acid delays the 
completion of the reaction by several 
minutes. 

pH. Notwithstanding the fact that 


reaction velocities are equal at a pH 


TITRATION OF CHLORINE 


of 2.0 and 4.0, a minimum of hydro- 
chloric acid is recommended. A pH 
below 3.0 causes rapid fading of the 
end-point. 

Temperature. Sample temperatures, 
whether 0° or 25°C., exert no effect 
on the reaction. 

Interference. If the titration is ex- 
ecuted with normal dispatch, interfer- 
ence from all oxidizing agents except 
manganic manganese and halogens in 
the elementary state can be effectively 
eliminated. 

Ferric iron and nitrite up to 25 ppm., 
as nitrite, can be tolerated because of 
the protracted induction period re- 
quired for reaction with methyl orange. 

The titration of 0.5 ppm. chlorine 
dioxide (7), on the other hand, dis- 
closed at the first end-point the pres- 
ence of the 100 per cent excess free 
chlorine applied for the purpose of 
completely converting the sodium chlo- 
rite. The end-point faded swiftly, 
though, and it was possible to titrate 
all of the chlorine dioxide in 5 to 10 
minutes, by resuming the titration 
after each discharge of color. 


Effect of Chloramines on Methyl 
Orange 


Minute traces of ammonia or its 
salts strongly inhibit the reaction be- 
tween chlorine and methyl orange in 
hydrochloric acid solution. This fact 
was strikingly demonstrated in the lab- 
oratory and in plant experience. 

At the time of this research, the 
Detroit, Mich., Dept. of Water Supply 
was employing free residual chlorina- 
tion at one treatment plant and the 
chlorine-ammonia process at another 
plant. The chlorinated effluent com- 
bined ideally with methyl orange; the 
effluent of the chlorine-ammonia proc- 
ess (0.2 ammonia applied ahead 
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TABLE 1 
Titration of 100 ml. Sample With 0.005 Per Cent Methyl Orange 
Volume of Methy! Orange Decolorized 
Chlorine <s Deviation in Terms 
Add of Chlorine 
ppm. Calculated By Experiment Deviation ppm. 
ml. ml, ml, 
aga 0 0 0 0 
0.32 0.10 —().22 — 0.048 
0.37 0.15 —().22 —0.048 
0.10 0.46 0.25 —0.21 —0.046 
a 0.93 0.72 —0.21 —0.046 
a 0.30 1.39 1.18 —0.21 — 0.046 
0.40 1.85 1.65 —0.20 —0.043 
2.31 2.11 —0.20 —0.043 
0.60 2.44 257 —0.20 — 0.043 
0.70 3.24 3.03 —0.21 — 0.046 
0.80 3.70 3.50 —0.20 —0.043 
Gucta’ 0.90 4.17 3.97 —0.20 —0.043 
i: 1.00 4.62 4.43 —0.19 —0.041 
5.09 4.90 —0.19 —0.041 
5.55 5.36 —0.19 —0.041 
1.30 6.01 5.83 —0.18 —0.039 


attributed solely to the presence of am- 
monia, since the analysis of both ef- 
fluents was conducted in precisely the 
same manner, 2 drops of 5 N HCl be- 
ing added prior to titration. 

Samples drawn from the distribu- 
tion system served by the chlorine- 
ammonia plant showed a total chlora- 
mine residual of 0.45 ppm. by the ortho- 
tolidine method. A similar solution of 
0.45 ppm. free chlorine would require 
a methyl orange titration of 1.9 ml. 
Less than 0.2 ml. of reagent, however, 
sufficed to produce in the chlorine- 
ammonia treated water an end-point 
which lingered for 10 minutes. The 
vanished pink color could be restored 
by adding an excess of 5 to 10 drops of 
reagent, after which the color would 
again slowly discharge over an interval 
of several minutes. This procedure of 
increment titration had to be extended 


of pre-chlorination) failed to respond. 
The difference in reactivity could be 


over a period of 24 hours before the 


full 0.45 ppm. dosage could be deter- 
mined. 

Synthetic chloramine solutions pre- 
pared from 0.2 ppm. ammonia and 1.2 
ppm. chlorine followed an identical be- 
havior pattern. Increasing the chlorine 
concentration failed to accelerate ma- 
terially the reaction velocity. a 


At the outset of this study, ammonia- 
free distilled water, Detroit raw and 
tap water, sodium hypochlorite, and 
elementary chlorine were all used in- 
terchangeably to discover the best com- 
bination, and also to note the individ- 
ual effect of each variable. Repeated 
trials demonstrated that the success of 
the method was not contingent upon 
any single combination. Consequently, 
the majority of the experiments were 
conducted with elementary chlorine on 
Detroit raw and tap water. In every 
instance, parallel checks were run by 
the starch-iodide and the ortho-tolidine 


Experimental Results 
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1.60 
: 1.20 
Calculated 
Experimental 
20.80 
g 
9.40 
0 


0 2.00 4.00 600 
MI. of 0.005 per cent Methy! Orange Decolorized 


Fic. 1. Accuracy of Methyl Orange Titration 
methods. Agreement was close in vir- 
tually all cases. 

The points making up the broken 
line in Fig. 1 were plotted from the 
calculated values presented in Table 1. 
The points on the unbroken line, drawn 
from Table 1, were obtained by ex- 
periment. Both lines obey the equa- 
tion y = mx + b, differing only in the 
values of the constant >. In the case 
of the calculated line the value of 0 is 
0; for the experimental line the value 
of b equals 0.04. The value of m ap- 
proximates 0.217 for the parallel lines. 

The constant, b, highlights a perti- 
nent fact with respect to the methyl 
orange-free chlorine reaction; namely, 
that the final 0.05 ppm. of chlorine in 
solution reacts sluggishly with methyl 
orange. Since this phenomenon occurs 
with uniform regularity, as the devia- 
tions in Table 1 indicate, proper allow- 
ance can be made for the relatively 
inert residual. This is constant over 
a chlorine interval of 0.07 to 1.3 ppm., 
contributing to the illusion that the re- 
action begins at a chlorine concentra- 
tion of 0.04 ppm. Obviously, the con- 
stant loses significance when chlorine 
values soar above 1.0 ppm. 

Stronger methyl orange solutions are 
desirable for titrations in the higher 
chlorine ranges. Suggested dilutions 


of the stock reagent are: 1 to 5, 2-5 


ppm. chlorine ; 


1 to 2, 5-10 ppm.; un- 


diluted, above 10 ppm. Correspond- | 
ing compensation must be made in the ; 

mathematical formula when the stronger 
methyl orange solutions are employed. | 
Table 2 presents values obtained with — i 


TABLE 2 


Titration of 100 ml. Sample With 
Methyl Orange - 


Chlorine Added Chlorine Found 


ppm. ppm. 
3.0000 
10.0 
50.0 
4 


these respective methyl orange dilu- — 
tions. 


Advantages of Methyl Orange ice 


Perhaps the most effective way of — 
emphasizing the virtues of methyl or- | 
ange is by comparison with the sole 
titrimetric agent in current use, sodium — 
thiosulfate. 

First, insofar as water analysis is — 
concerned, methyl orange is direct and 
chlorine-specific, whereas sodium thio- 
sulfate measures the iodine electromo- _ 
tively displaced from potassium jolie: 
by chlorine and chloramine. The _ 
starch-iodide method is indirect. 7 

Second, methyl orange is a primary 
standard which retains its titer indefi- 
nitely. Sodium thiosulfate is not a _ 
primary standard and is notoriously | 
susceptible to bacterial decomposition. — 

Finally, sodium thiosulfate necessi- 
tates the handling of large sample vol- 
umes in order to minimize experi- — 
mental error. Methyl orange lends 
itself to the analysis of normal volumes, _ 
never exceeding 100 ml. . 

A concluding word of caution is, how- | 
ever, justified. Comparisons merely | 
provide a criterion by which to judge 


‘ms 
er- 
re- 
1.2 
be- 
ine 
na- 
1ia- 
ind 
and 
in- 
ted 
of 
tly, 
ere 
on 
ery 
ye 


1% 
1150 JOURNAL—AMERICAN WATER WORKS ASSOCIATION V ol. 38 


a reagent. It is folly to expect one 3. Ho_werpa, K. On the Control and the 


isf . ire- Degree of Reliability of the Chlorina. 
reagent to satisfy the peculiar requir 


ments of every occasion and situation. the 
To the credit of methyl orange and dure and the Chlorination of Ammoni- 
sodium thiosulfate, it should be stated acal Water (First Part). Weltevreden, 

emphatically that they supplement G. 
SCOTT, iminating aise orine 

rather than supplant one another. Toe Jor. AMMA. 

(1934). 
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Distribution Systems 


By R. G. Kincaid and R. E. McDonnell 


Assoc. Engr., Burns & McDonnell Eng. Co., Kansas City, Mo. 
Sr. Member of Firm, Burns & McDonnell Eng. Co., Kansas City, Mo. 


; 


Presented on May 7, 1946, at the Annual Conference, St. Louis, Mo. 


F a water distribution system is to 

meet recognized and fairly well es- 
tablished standards, it must be able to 
meet all critical demands, such as peak 
hour consumption and required fire 
flows, at all points throughout the sys- 
tem. Not only should it be capable of 
meeting these critical demands ade- 
quately, but it should have a reasonable 
degree of flexibility and reserve capac- 
ity. The National Board of Fire Un- 
derwriters advises that: “In general, 
reliable fire protection requires such 
duplication of all parts of a water sys- 
tem that, with such parts out of service 
as may reasonably be expected to be 
inoperative, the system will still be 
able to furnish the required fire flow.” 


Causes of Deficiencies 

Deficiencies in a water distribution 
system may be the result of many dif- 
ferent factors. Inadequate capacity of 
water mains is most commonly due to 
normal growth or change in character 
of the area being served. For exam- 
ple, if a main is required to carry 50 
per cent more water than the quantity 
for which it was designed, a capacity 
that was adequate, with normal head 
loss, may become inadequate, with ex- 
cessive head loss. Head loss with 50 
per cent greater flow would become 
212 per cent of the original design 
value, even with no change in the fric- 
tion coefficient, C. If the value of C 


drops from a design value of 110 to 
80, then the head loss would be fur- 
ther increased by 80 per cent, making 
the total head loss 382 per cent of the 
original design value. 

Although a great number of defi- 
ciencies are the direct result of normal 
conditions of change with the passing 
of time, certain others are created by 
improper design or by the lack of any 
actual design. 


Method of Determining Deficiencies 


During the past ten years, the authors 
have had the opportunity to discover 
many distribution system deficiencies 
by the application of the Hardy Cross 
method of analysis in a variety of wa- 
ter utility systems. Although many of 
these deficiencies involved sanitary de- 
fects or structural hazards in the dis- 
tribution system, a large number were 
concerned with deficiencies in perform- 
ance from a hydraulic standpoint. It 
is these latter deficiencies which are to 
be discussed in this paper. 

In making analyses of various sys- 
tems, it has been found that the best 
procedure is, first, to analyze the ex- 
isting system for known conditions 
which prevailed on some past maxi- 
mum day and for which reliable operat- 
ing records are available. Input into 
the system may usually be taken di- 
rectly from water department records. 
Data on the operation of storage should 
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be obtained. All available recording 
pressure gage charts on the system 
should be secured for the particular 
period being studied. 

After setting up the critical maxi- 
mum-day conditions, as they actually 
existed, and after taking into account 
the physical characteristics of the sys- 
tem and the proper distribution of wa- 
ter usage, the analytical solution of the 
problem can be carried out by the 
Hardy Cross method. 

These analyses of existing condi- 
tions constitute, in reality, a diagnosis 
of the deficiencies of the system. The 
results of a considerable fumber of 
such analyses form the basis for the 
subsequent discussion. In all instances, 
the particular deficiency cited is, in 
substance, a true presentation of an 
actual case. The geographical location 
of each deficiency mentioned is consid- 
ered of no consequence here, since the 
same or similar deficiency may be 
found in any group of systems that 
may be under consideration. 

A wide range of deficiencies will be 
cited, which relate to all phases of the 
distribution system from the source of 
supply to the ultimate consumer. It 
seems advisable, therefore, to set up 
four general groups: (a) deficiencies 
at the source of supply, (b) deficien- 
cies in storage conditions, (c) defi- 
ciencies in the piping network, and (d) 
other deficiencies. 


Deficiencies at Source of Supply 
Case 1. Gravity Supply 


The entire system in this city is sup- 


_ plied by a single gravity line from stor- 


age reservoirs located several miles 
from the business section. No storage 
is provided on the distribution system, 
with the result that the supply line 
must be capable of meeting all peak 
demands. Consequently, the supply 


JOURNAL——-AMERICAN WATER WORKS ASSOCIATION 


V ol. 38 


line is overloaded during peak hours 
when the system demand approaches a 
rate of 50 mgd. Velocities are in ex. 
cess of 7 fps. 

All of these conditions constitute a 
serious deficiency in the source of sup- 
ply. The high velocities and resulting 
low pressures make it impossible to 
meet adequately either the domestic 
demand or the required fire flow. 


Case 2. 


The system under consideration re- 
ceives its supply from a pumping sta- 
tion located at the site of the purifica- 
tion plant. A reservoir well situated 
and of adequate size is provided on 
the system. The excessive head loss 
in the reservoir connection, however, 
causes the discharge pressure at the 
pumping station to be abnormally high 
during periods of replenishing storage 
at night. This rise in pressure in turn 
reduces the rate of gutput of the pump- 
ing units. In fact, one unit cannot be 
operated at all during this period of 
high discharge pressure, because of its 
low shut-off head. The maximum rate 
of pumping is also controlled by an es- 
tablished maximum discharge pressure, 
in order to stay within the safe operat- 
ing limits of the discharge piping and 
valves. 

Failure of a single trunk main leav- 
ing this station would cause all high- 
service pumping facilities to become 
virtually inoperative. This situation is 
created because of the lack of proper 
flexibility in the discharge header. 


Main Pumping Station 


Case 3. Booster Stations 


Booster Station A is located at the 
extreme end of the main service. Dur- 
ing peak hours this station is required 
to deliver water at the rate of about 25 
mgd. This quantity of water must be 
drawn directly from the distribution 
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600 T T 
| | Hydraulic Gradient— Replenishing Storage — 
Max. Safe Operating Original Conditions (Not Possible) \ 
500 Pressure 135 psi | | \ 
+ 
165 psi. | Hydraulic Gradient — Replenishing Storage — 


New Reservoir Connection 


7 
\_Hydraulic Gradient— Max. Hour 
With New Reservoir Connection Lz 
Hydraulic Gradient — Max. Hour — 
= 
Sq 
= | 
| 
0 5 10 15 20 25 30 35 40 45 50 55 
Distance — 1,000 ft. units 
Fic. 1. Effect of Inadequate Reservoir Connection on Full Equalization Operating Cycle 


system of the main service, as there is check valves cannot be closed. Thus, | 
no available storage. the entire purpose of the booster dis; 

The heavy draft from the main serv- trict is defeated. : 
ice produces excessively high velocities Not only is the capacity of the. i, 
in the trunk mains serving the booster booster station inadequate, but both the 


station. 


the rate of output of the pumping units _ station are overloaded, even for the in- 


in the booster station, since the suction stalled pump capacity. : 
pressure drops about 20 psi. below Booster Station C. This station, a 
normal. Another deficiency in Booster typical example of several in the inci 


Station 


ure of a single suction line would force main distribution system network. EI-_ 
the entire station out of service. evated storage is provided, but re- 
Booster Station B is intended to quired fire flows cannot be met, due | 
serve a high-level district during pe- to insufficient pumping capacity. . 
riods of peak demand in summer. Sup- 
ply for the booster pumps is taken from 


ground 


is isolated from the main service by a 
system of check valves which are in- 
tended to close when the booster sta- 
tion is in operation, thereby permitting One of the most common deficiencies 
the pressure to be maintained at the to be found in water distribution sys- 
desired value. During periods of high tems is that of a storage reservoir con- 
demand, however, the station is unable nected to the distribution network with 
to supply enough water to meet the mains of inadequate capacity. A spe-— 


This situation in turn reduces _ suction and discharge piping within the 


A lies in the fact that the fail- system, takes suction directly from the — 


storage. The booster district Deficiencies in Storage Conditions 


Case 4. Excessive Head Loss in Res- 
ervoir Connection 


demand within the district, so that the cific example is shown in Fig. 1. 
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The hydraulic gradients indicated in 
this figure are those required to effect 
full equalization of the load on the 
pumping station during the maximum 
day of the year. Two separate condi- 
tions are shown: first, when the flow 
to and from the reservoir was seriously 
restricted because of an inadequate con- 
nection to the main network; and, sec- 
ond, after an additional reservoir con- 
nection of adequate capacity had been 
provided. The original conditions are 
shown by solid lines and the modified 
conditions by broken lines. 

Inadequate storage mains produce 
the following results: 

1. Full equalization of the load on 
the pumping station cannot be realized, 
because of the excessive pressure re- 
quired during the night hours to re- 
plenish storage at the necessary rate. 

2. Even if all piping and other aux- 
iliaries were designed to handle the 
high pressure required at night, the 
pumps would fail to deliver water in 
sufficient quantity, since the operating 
pressure would exceed the shut-off 
head of all pumping units. 

3. If the reservoir were permitted to 
respond as required to realize full 
- equalization during the maximum hour, 
then the pressure on the high ground 
would drop below 40 psi. in the trunk 
mains. 

4. A considerable waste of power 
- would result from the type of operation 
shown for the original condition. 

5. Since full equalization cannot be 
realized, additional pumping capacity, 
as well as additional trunk main capac- 
ity leaving the pumping station, is re- 
quired to meet the increased rate of 
delivery during the day. 

With the addition of the new reser- 
voir connections of adequate capacity, 
all of the deficiencies cited have been 
removed. The minimum pressure at 
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the control point of the system during 
the peak hour has been increased from 
about 37 to 47 psi. The maximum 
pressure at the pumping station has 
dropped considerably below the estab. 
lished value. In effect, the original 
capacities of the pumping station an¢ 
trunk mains have been made adequat 
for a much longer period into the fu. 
ture than would have been possibk 
under the original conditions. It is 
also possible under the new condition; 
to meet required fire flows directly 
from the storage reservoir. 


Case 5. Failure of Storage to Oper. 
ate as Intended 


It has been demonstrated many times 
that a storage reservoir, although con- 
structed on what appears to be an idea 
point of high ground, will not always 
function as intended. Under certain 
topographic conditions, it is impossible 
fully to equalize the load on the pump. 
ing station during the maximum day, 
regardless of the reservoir capacity or 
the size of the connecting mains. 

An actual hydraulic gradient pre 
vailing during the maximum hour in 
dicates (Fig. 2) that the ground pres 
sure at the control point is less thar 
30 psi. in the trunk mains. If the 
reservoir were permitted to respond in 
such a way that full equalization on 
the pumping station could be realized, 
the pressure at the control point would 
drop below 10 psi. To prevent com 
plaints of low pressure from the high 
areas, therefore, the rate of pumping 
is stepped up, and it becomes neces 
sary for the pump station to deliver 
90 per cent of the peak hour demand 
instead of only 60 per cent, the rate re 
quired under full equalization. As 
result, the pumping capacity, as well a 
the capacity of the trunk mains leaving 
the station, must be 50 per cent greater 
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Case 6. Other Reservoir Deficiencies 

Another common deficiency in reser- 
voir or elevated tank operation is dem- 
onstrated in Fig. 2. If the reservoir in 
this figure were replaced with an ele- 
vated tank, the conditions of full equal- 
ization of the pumping load could be 
met, provided, of course, that the trunk 
mains and tank connection were of 
adequate capacity. On the other hand, 
if the trunk mains approaching the low 
ground were inadequate to meet the 
morning peak in the valley area, the 
hydraulic gradient would sag very per- 
ceptibly at the point of high demand, 
and water would be drawn rapidly 
irom storage. Thus the elevated tank 
might be completely emptied before the 
evening peak occurred in the residen- 
tial area located on the high ground in 
the vicinity of the tank. In such a sit- 
uation, of course, it would be advisable 
to provide control facilities — 
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the elevated storage to be held in re- 
serve to meet the evening peak. 

A similar common deficiency in dis- 
tribution system storage is that of two 
or more reservoirs or elevated tanks 
which are permitted to float, uncon- 
trolled, on the same system. At least 
one example can be cited of a serious 
deficiency created by uncovered stor- 
age. Because of severe algae condi- 
tions during the summer months, this 
reservoir is operated through a weekly 
cycle. That is, the storage is practi- 
cally depleted at the end of the week, 
at which time the reservoir is valved 
off and a heavy application of chlorine 
made. The reservoir is then permitted 
to fill on Sunday. When completely 
filled, the water contains the proper 
chlorine residual and may be released 
into the mains. Under the circum- 
stances this weekly cycle of operation 
is considered necessary; but it is the 
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District 10-in. — 0.9 per cent (3.2 per cent) 


Totals —5.4 per cent (17.0 per cent) 


Fic. 3. 


of the management to pro- 
er for the reservoir and elim- 


antime, a distinct hazard ex- 


reserve storage for fire pro- 
depleted. 


Deficiencies in Piping Network 


Extreme Variations in Op- 
Pressure 
3 will serve to demonstrate 


of common deficiencies to be 
The sys- 


single 45-in. main from stor- 


age located about ten miles from the 
business district. 


No storage is pro- 


the distribution system 


SO 


that the supply main must meet all peak 


This line is already over- 


loaded, especially during the late after- 
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= co ~ 
oon Proposed ] 
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Relative Carrying Capacities of Mains © 


noon peak, when the velocity ap 
proaches 7 fps. 

In Fig. 3, the width of line denotes 
the relative carrying capacity of eact 
main, taking into account the diameter 
of the main and its C value. 
tive carrying capacities are also based 


on the same h 


ft. for all mains shown. 


taking the 45-1 


per cent capacity, the remaining mains 
would have the capacities shown in 


Table 1. 
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(18 per cent) 
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Relative Capacity of Mains 
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At the point where the 45-in. main 
terminates, it will be noted that the 
total of the relative carrying capacities 
of the 42-in. and the 24-in. mains com- 
bined is also 100 per cent. In other 
words, no restriction exists at this par- 
ticular junction. At the point where 
the 42-in. main branches into the 30-in. 
and 20-in. mains, however, an entirely 
different situation will be observed. 
There the 84 per cent capacity in the 
42-in. main is restricted to a total of 
36 per cent in the two smaller mains 
which it serves. The reduction in ca- 
pacity at this point is, therefore, 57 per 
cent. Similarly, at the terminus of the 
30-in. main a further restriction is to 
be noted. At that point the reduction 
in relative carrying capacity is from 27 
to 5.4 per cent, or a reduction of 80 
per cent. The total reduction in rela- 
tive carrying capacity from the 45-in. 
supply main to the three 12-in. and one 
10-in. mains is found to be as much 
as 94.6 per cent. 

It is not to be inferred that the rela- 
tive carrying capacities should be con- 
stant throughout the system, since the 
total supply is gradually depleted as 
the mains approach the business sec- 
tion. The rate of take-off, however, 
does not warrant the two severe re- 
strictions cited. Now, if the capacity 
actually used, as determined by analy- 
sis, is considered, another picture will 
he revealed, as indicated in Table 2. 


TABLE 2 
Load Carried by Mains 


Size Total Capacity Capacity Used 
in. per cent per cent 
100 
84 
27 18 
16 28 
9 
0.9 
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It becomes evident from this tabula- — 
tion that the two restrictions cause all 
other smaller mains shown to be even — 
more severely overloaded than they 
would otherwise have been. ; 

Hence, Fig. 3 demonstrates the fol- _ 
lowing common deficiencies in the pip- 
ing network: 

1. Supply is derived through a sin- 
gle main with no reserve storage on 
the distribution system. | 

2. The capacity of some feeders is _ 
not fully utilized while others are se- | 
verely overloaded. | 

3. Pressure in the business district | 
drops from a maximum at night of 
about 75 psi. to slightly over 20 psi. © 
during the peak demand. 

4. Pressures are abnormally 
throughout the system. 

5. Low pressures in the high value 
district constitute a distinct fire haz- 
ard. Sprinkler systems are rendered 
ineffective on all except ground floors, — 
and, even there, the efficiency of the — 
system is seriously impaired. | 

6. Excessive velocities occur in all > 
mains except the 42-in. and 30-in. 

7. Severe restrictions to flow are evi- — 
dent at two separate locations. 

8. The older mains are badly tuber-_ 
culated. 

The example shown in Fig. 3 repre- 
sents conditions that develop rapidly in 
a city where the rate of growth is ex- 
traordinarily high. Although the city 
authorities have realized for some time _ 
the urgent need for improvements, it 
was physically impossible to carry 
them out during the war period. If 
the two bottlenecks were removed by | 
the installation of new mains of greater 
capacity, the natural conclusion is that — 
normal pressure conditions would be | 
largely restored. The results of such 
a procedure are shown graphically in 
Fig. 4. It will be seen that if the ca- 
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pacities of the 42-in. and 30-in. mains 
were fully utilized, the hydraulic gra- 
dient for these mains would have a 
steeper slope than under the original 
conditions. The degree of improve- 
ment, therefore, would not be as great 
as might be expected, since all mains 
would still be severely overloaded. 
The pressure in the business district 
could be increased about 10 psi., which 
is only a very temporary improvement. 
Other means of eliminating existing 
deficiencies, as well as providing for 
future growth, suggest themselves: (1) 
construction of a storage reservoir and 
pumping station, together with neces- 
sary supporting mains, on the opposite 
side of the business section from the 
source of supply (Fig. 3); (2) opera- 
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reduce the peak load on the supply 
nmin by about 35 per cent; (5) addi- 
tion of a supply line in parallel with 
the present main as the hydraulic gra- 
dient declines in the future with fur- 
ther increases in demand, thus again 
raising the hydraulic gradient to the 
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desired level in the business section. 


Case 8. Roundabout Flow 


A great many cases of roundabout 
flow have been observed. Some of the 
most striking examples are systems in 
which: 

1. The distance of travel from source 
of supply to reservoir could be reduced 
from 12 miles to 74 miles over a more 
direct route. 

2. Water flows a total distance of 
13,000 ft. to reach a point 1,000 ft 


tion of this new pumping station only 
during peak hours of the summer 
months; (3) automatic operation of 
the station, so that the hydraulic gra- 
_ dient would be raised about as shown 
in Fig. 4, to maintain a minimum pres- 
sure of 55 to 60 psi. in the business 
section at all times; (4) operation to 


from the origin. 

3. Supply to a residential section lo 
cated only 2} miles from source of sup 
ply is served by a roundabout route 
12 miles long. 

4. An old main of inadequate capac 
ity between the pumping station and 
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the high-level district forced a large 
portion of the supply over another 
route twice as long. 


Other Deficiencies 


A number of additional deficiencies 
which have been observed may be 
mentioned : 

1. The problem of providing ade- 
quate service to areas beyond the city 
limits is a difficult one to solve. Usu- 
ally the water department does not 
have proper control over the nature 
and extent of water main construction 
in these areas. One large city is lit- 
erally surrounded by a number of in- 
dividual water districts, each of which 
has provided a very inadequate system 
even from the standpoint of service for 
domestic use. Fire protection supply, 
if it exists at all, is grossly inadequate. 
As the city limits are extended, these 
areas must be absorbed by the city 
system and the water system brought 
up to the proper standard. 

2. Often the supply to large areas 
3 to industrial developments is de- 
yendent on a single feeder. 

3. Tuberculated mains create a po- 
tential deficiency in any distribution 
system. Rapid tuberculation renders 
main cleaning comparatively ineffec- 
tive, 

4. The arrangement and type of 
valves in the distribution system is of 
paramount importance. In at least one 
large system it has become the policy 
to install control valves of the cone or 
plug type to permit rapid closure when 
amain breaks. Experience has shown 
that if a break occurs in a trunk main 
30-in. or larger in size, it is impossible 


to operate a standard gate valve against 


the full unbalanced head. By the time 
a number of gate valves have been 
closed or throttled, great damage has 


DISTRIBUTION DEFICIENCIES 


adequately 
feeders of proper size and arrangement 
to provide the necessary fire protec-_ 


as 


been done and service may be dis- _ 
rupted entirely for several hours. 

5. Large areas, frequently, are not 
provided with secondary | 


tion. The recommendations of the Na- _ 
tional Board of Fire Underwriters — 
should be followed. 

6. The existence of dead ends is a_ 
deficiency common to most systems in 
varying degrees. Dead ends should be 
cross-connected to eliminate stagnant 
water and, what is even more vital, | 
to improve fire protection. For exam- 
ple, a dead-ended 6-in. main 1,000 ft. 
long will deliver only 28 per cent as 
much water at the extreme end as | 
could be delivered to the same point, 
with the same head loss, if an equal 
supply were also available from the — 
opposite direction. 


Correction of Deficiencies 


The deficiencies that have been dis- 
cussed were determined for the most 
part by the Hardy Cross method 
analysis. It should be pointed out 
also that trunk main surveys and fire 
flow tests furnish valuable information 
in the determination of system deficien- 
cies. 

Certain problems and the methods | 
for their correction are self-evident; 
others, although they are recognized 
as problems, are obscure of solution. 
One very common fallacy in the cor- 
rection of system deficiencies is to at- 
tempt merely to alleviate the existing 
situation, without considering future 
requirements. If the problem of cor- 
recting deficiencies is to be solved in 
a thorough and technically competent 
manner, requirements for a reasonable 
future period must also be considered. 
By making hydraulic analyses of fu- . 
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ture conditions, including proposed im- 
provements, guesswork can be reduced 
and the performance of new improve- 
ments evaluated while deficiencies in 
the existing system are eliminated. 
Any number of hypothetical cases may 
be solved and the best and most eco- 
nomical solution determined before a 
single dollar is spent on construction. 

During the last few years there has 
been a very noticeable trend toward the 
realization that water distribution sys- 
tem improvements can be designed 
along sound engineering principles, 
much as are the other important ele- 
ments of water works systems. Tt is 
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hoped that water works superintend- 
ents will more generally recognize the 
value of keeping complete and accurat 

records of the performance of the 

distribution systems. Permanent re. 
cording pressure gage stations as well 
as metering stations should be estab.) 
lished at carefully selected locations| 
throughout the system. Records of 
the operation of storage should be kept 
at all times. With such performance 
data, the operating personnel will be 
able to anticipate deficiencies and have 
time enough to make the necessary, 
system improvements before a critical 
situation develops. 
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ritical (INCE the turn of the century, sev- 


eral different iron compounds have 


been used as coagulants in this country 
1 the treatment of water supplies. 


-ommercial ferrous sulfate (copperas), 
first used as a coagulant at Quincy, III. 
in 1902, is used in conjunction with 
lime in what is known as the lime and 
iron process. Since 1902 the use of 
“lime and iron” has increased grad- 
ually, particularly for the treatment of 
turbid river waters in the middle west. 
Chlorinated copperas (1) was first 
used by Hedgepeth and Olsen in 1927. 

From 1928 until the start of World 
War Il in 1941, the water works pro- 
fession became greatly interested in 
the development and use of ferric co- 
agulants. In addition to chlorinated 
copperas, two more commercial ferric 
coagulants (ferric chloride and ferric 
sulfate) have been developed. Since 
the outbreak of World War II, how- 
ever, very little data have been pub- 
lished on the use of these iron salts as 
coagulants. 


Coagulants Commonly Used 


Alum (aluminum sulfate) is still by 
iar the most widely used coagulant in 
the United States. A fairly close ap- 
roximation can be made of the extent 
ff use of iron salts as coagulants from 
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Tron Salts as Coagulants 
By J. E. Kerslake, H. C. Schmitt and N. A. Thomas 


Supt. of Filtration, Water Purif. Plant, Milwaukee, Wis. 
Asst. Supt. of Filtration, Water Purif. Plant, Milwaukee, Wis. _ oo 
Chief Chemist, Water Purif. Plant, Milwaukee, Wis. ae 
Presented on May 9, 1946, at the Annual Conference, St. Louis, Mo. . 


“A Summary of Census Data on Wa- 
ter Treatment Plants in the United — 
States” (2). This census represents 
conditions at the close of 1940, and, 
for some of the states, 1941. Accord- 
ing to the U. S. Public Health Service, 
which compiled the data, there are ap- 
proximately 1,688 water purification 
plants equipped with rapid sand filters 
in the U.S. They have a combined 
plant capacity of 2,980 mil.gal., and 
serve a population of 26.56 million 
people. Iron salts are used as coagu- 
lants by &8& plants having a combined 
plant capacity of 997 mil.gal., and serv- 
ing a population of 4.33 million people. 
These plants are distributed in 25 
states as far apart as Massachusetts 
and California. 

The character of the water being 
treated with iron salts can be judged 
by the source from which it is ob- 
tained. The sources of water used by 
these 88 plants are given in Table 1. 

Lime is used along with iron salts 
in 72 of the 88 plants, and alum is also 
used as a coagulant in 20 of the plants. 
In 40 plants, the water is softened. 

The four iron salts used commer- 
cially in the United States as coagu- 
lants are ferrous sulfate (copperas), 
chlorinated copperas, ferric sulfate, and 
ferric chloride. 


| 


TABLE 1 
Sources of Water Used by 88 Plants 
Rivers 

Wells 

Lakes, Ponds and Impounding Reservoirs 19 
Creeks, Brooks and Springs 12 


Ferrous Sulfate (Copperas) 


The material used in water plants 
consists of fine “sugar sulfate” crys- 
tals. It is a green crystalline salt read- 
ily soluble in water and contains about 
100 per cent FeSO,-7 H,O. Shipments 
are generally made in bulk or in multi- 


wall paper bags. vette? @ 
Chlorinated Copperas a 


Chlorinated copperas is made at the 
water purification plant by oxidizing 
ferrous sulfate with chlorine to form a 
solution of ferric sulfate and ferric 
chloride. This is done by mixing the 
aqueous discharge from a dry feed fer- 
rous sulfate machine and a solution feed 
chlorinator. One Ib. of chlorine is used 
for each 7.8 lb. of copperas, according 
to the following equation: 


FeSO,-7 H.O + 3 Cl. 
| 2 Fe,(SO,), + 2 FeCl + 7 H,O 


The chlorine is generally added in 
slight excess. 

Ferric sulfate (Ferrisul, Ferri-Floc) 
Anhydrous ferric sulfate contains 
not less than 90 per cent Fe,(SO,),, 
_and the crystalline form not less than 
60 per cent. It is a free-flowing globu- 
lar salt, and the particle size should be 
such as to feed freely with reasonable 
accuracy in a dry feed machine. It is 
_ shipped in bulk and in multiwall paper 


bags. 


Ferric chloride is normally available 
in 39 to 45 per cent solutions and is 
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» they come in contact. 


tention time. The ground ferric sul- 
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shipped in glass carboys, rubber-lined 
drums and rubber-lined tank cars. 


Iron Salts as Coagulants 


Solutions containing iron salts are} / 


corrosive, particularly ferric chloride 
and chlorinated copperas solutions, 
The equipment used to handle them 
should be made of rubber, glass, ce. 
ramic material or stainless steel. Gran- 
ular iron salts should be stored in a dry 
place. If stored in a warm humid at- 
mosphere, caking is apt to result, 
Kramer and Graf (3) found that if 
they specified and obtained for use at 


the St. Louis plants a copperas con-§‘ 


taining not less than 105 per cent (of 
theoretical) FeSO,:7H.O, it would 
store without caking. 

Solutions containing iron will stain 
floors, walls and equipment with which 
Careful house- 
keeping is required to prevent these 
unsightly stains when using iron salts, 
If activated carbon is not used, the 
sludge from basins and the wash water 
will impart the characteristic  red- 
brown iron color to streams and othet 
bodies of water into which they may 
be discharged. This may cause com- 
plaints. 

Ferric sulfate does not go into solu- 
tion readily, and special equipment is 
required to apply it successfully. For 
feeding ferric sulfate continuously, a 
dry feed machine plus a dissolving pot 
equipped with an agitator is required. 
The water ratio should be carefully 
controlled. Approximately two parts 
of water to one of ferric sulfate are 
required. A flow meter should be in- 
stalled on the water line to make sure 
that the correct ratio is maintained, 
and the dissolving pot should be large 
enough to provide 30 minutes of de- 
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lined TABLE 2 their studies in the use of sodium sili- 
Optimum pH Range for Coagulation cate. 
asia pH Range It is claimed that iron salts produce b 
a faster forming, denser, quicker set-— 
Aluminum Sulfate 5.5— 8.0 line “floc” th This i 
Ferrous Sulfate 85-110 ting oc t an alum. his 1s partic- 
OT1€) Ferric Sulfate, Ferric Chloride and uarly true during the winter months | 
‘10NS.}_ Chlorinated Copperas 4.0-11.0 when the temperature of the water is 
them * Also effectively used in softening plants low. The “ferric floc” is not so readily - 
» Ce} at pH values above 10.0 broken up. 


iTan- 
a dry 
d at- 


Due to the wide pH range over which | 
the “ferric floc” is formed, iron salts — 
have proved particularly valuable in | 


fate discharged into the chemical feed 
machine should be kept dry at all times. 


esult, 
at if 


The precipitate formed when iron 
salts are used as coagulants is a com- 


treating colored or turbid impounded 
waters containing manganese. Man- 


se at} plex hydrous ferric oxide (4). The  ganese is precipitated at a pH value 

con-§ “floc” formed is generally referred to over 9.0. Iron salts may be used for 

t (off. as “ferric floc.” When using copperas the treatment of colored waters in the 

vould (ferrous sulfate), lime must also be acid range at a pH value below 5.0. 
added, for it is only in the alkaline zone The “ferric floc” does not redissolve at 

stain that the oxygen in the water will oxi- high pH values, and thus residual color 

vhich] dize the iron from the ferrous to the coagulated in the acid zone does not 

yuse-| ferric state, and form the desired in-  redissolve when the filtered water is 

these} soluble “ferric floc.” Ferrous iron is treated with lime for corrosion preven- 

salts} more soluble. tion. Iron salts may also be used in | 

the} With the various coagulants there is _ the treatment of hard, colored or turbid 

vater| an optimum pH zone in which a dense waters in the alkaline range. ee 

red-| rapid settling “floc” will be formed in 

sther | the shortest time. This optimum range Use of Iron Salts in Plants ; 

may varies with the type and nature of the Before using iron salts on a plant 

com-| Water being treated, and can best be scale, careful laboratory jar tests should 
determined by jar tests. Certain zones he made to make sure that proper co- 

solu} have been set up which indicate ap-  agulation will be obtained. Caution 

nt is} Proximately the pH range within which — should be used when treating waters 

For} $004 coagulation can be obtained when containing excessive quantities of or- 

ly, a using various coagulants. They are ganic matter with ferric salts to make 

; pot indicated in Table 2. sure that the trivalent ferric ion will | 

red.) here are times when a poor “floc” not be reduced to the more soluble bi- 

fully is obtained with aluminum sulfate,even  yalent ion. 

parts when the pH value is properly ad- Copperas (lime and iron) is used to 

. are justed. Baylis (5) has found that in treat the turbid river waters at St. 

e in-| Many cases when such a condition ex- Louis, Mo., New Orleans, La., Cin- 7 

sure} sts, silicates have aided coagulation. cinnati, Ohio, and a number of other 

ined.} this applies to a lesser extent to fer- middlewestern cities located in the 

large TOUS sulfate, but silicates were found to Mississippi River drainage area. 

+ de-§ be of little value when used with ferric Chlorinated copperas was used at | Mg 


sul- 


salts. Similar conclusions were reached 
by Lordley and Smith (6) following 


Elizabeth City, N.C. (1), and at Chick- | 
asaw, Ala. (7, 8), to treat a soft, highly - 


i 


colored water. At Elizabeth City the 
water was first coagulated with chlo- 
rinated copperas in the 4.2-4.7 pH 
range. Sodium aluminate was used as 
a secondary coagulant, at a pH range 
between 5.5 and 6.5. At Chickasaw, 
lime is added to combine with the dis- 
solved iron left after the iron color com- 
plex is formed at a low pH value. Pre- 
chlorination is practiced, and sufficient 
chlorine added to maintain a residual 
chlorine content on top of the filters. 
This is to keep the iron in the ferric 
state and prevent its reduction to a 
ferrous state during the settling period. 

Providence, R.I. (9, 10), has used 
lime and iron, lime and chlorinated cop- 
peras, and lime and ferric sulfate to 
treat a soft, moderately colored water 
containing manganese. The “ferric 
floc” was formed at a pH value of 
9.7-9.8. Good results were obtained” 
with all three coagulants, ferric sulfate 
being the best of the three. Special 
equipment was installed for feeding the 
ferric sulfate. No difficulty was ex- 
perienced with bulk storage of the fer- 
ric sulfate. 

At Albany, N.Y. (11), lime and 
iron, and ferric sulfate and lime have 
been used to treat a soft water from a 
large impounding reservoir in order to 
remove manganese. The treatment is 
seasonal. Better color removal was 
obtained with ferric sulfate than with 
lime and iron. Difficulty was experi- 
enced in flocculating the iron salts dur- 
ing the period of fall turnover. Dur- 
ing this period, a poor effluent was 
obtained. This was attributed to the 
reduction of the “ferric floc’ to the 
ferrous state in the presence of organic 
matter. No difficulty was experienced 
with the bulk storage of ferric sulfate. 

At Richmond, Va. (12), chlorinated 
copperas has been used for a number 
of years to treat successfully a_ soft, 
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turbid river water containing industrial 
wastes. Pre-chlorination is practiced, 
To obtain the best results during pe- 
riods of descending turbidity, alum is 
also used (10 to 15 per cent by weight 
of the main coagulant). When the 
temperature is low, careful control of 
the coagulant dose is required. Under 
these conditions, it has been found that 
the addition of 10 to 20 Ib. per mil.gal, 
of burnt lime has a remarkable effect 
in widening the quantity limits for 
coagulation. 

At Dallas, Tex. (13), lime and iron, 
and lime and chlorinated copperas were 
used to soften and remove the turbidity 
from a water obtained from a large 
lake. An appreciable saving (approxi- 
mately $4,000 per year) was made 
when lime and chlorinated copperas 
was used in place of lime and iron, 


Alum is used as a secondary coagulant, ' 
It is claimed that by improved plant}: 


design the use of a secondary coagulant 
could be eliminated, saving an addi- 
tional $2,000 per year. 

Professor Charles Gilman Hyde (14) 
reports the successful use of ferric chlo- 
ride in the treatment of a colored water 
at the Wilmington plant in Los An 
geles, and in the treatment of well wa- 
ters at the two municipal water plants 
of Beverly Hills, Calif. At Beverly 
Hills, color and hydrogen sulphide are 
removed, and the water is ottened 
well. 

At Hammond, Ind. (15), both chlo 
rinated copperas and ferric sulfate havg 
been successfully used to treat a Lak 
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Michigan water containing industri 
wastes. 
nols and other industrial wastes, larg 
quantities of activated carbon are als 
used. Pre-chlorine-ammonia _ treat 
ment is also practiced. It was foun 
that use of ferric salts sharply reduce 
the mud ball count in the filters, the 
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F TABLE 3 
so {nalysis of Sulfate of Alumina 
} Per Cent 
fos Insoluble Matter 6.39 
Aluminum Oxide (A1l,O3) 17.16 
eight} fron Oxide (Fe:Os) 
Sulfuric Acid 45.25 
ol of} Free Aluminum Oxide (Al:0s) 1.70 
nder 
| that reducing the coagulant cost. No lime 
used. 
affect Ferric sulfate has been used to treat 


Lake Michigan water at Racine, Wis. 
Chlorine-ammonia pre-treatment is also 
practiced. No lime is used. 


for 


iron, 

were} Comparison Coagulation at Mil- 
idity} ~waukee 

large 

call A new water purification plant was 
ITOXI1- 


placed in operation in Milwaukee, Wis., 
in July 1939, using Lake Michigan as 
the source of supply. After using sul- 
fate of alumina as a coagulant for one 
year, it was decided to investigate the 
of ferric compounds for treating 
ddi- this supply. Two commercial brands 
of ferric sulfate were available—‘‘Fer- 
risul’” and “Ferri-Floc.” Jar tests 
(14) 
chlo-| Were made in the laboratory before 
vater| ferric sulfate on a plant scale. 
"a This investigation was made during 
7 June and July, 1940. 


made 
yperas 
iron. 
ulant. 
plant 


aa The water supply is taken from a 
P submerged crib in Lake Michigan 6,565 
severly 


ft. from the shore at a depth of 67 ft. 
There are two sets of basins at the 
Milwaukee plant. When operating 
normally, half of the supply is pumped 
to the north, and half to the south. 
The mixing and settling basins in each 
half of the plant are identical in size 
and design. By inserting stop plates 
in the settled water duct, it is possible 
to divide the plant into two equal sec- 
tions. 


de are 
ned as 


h chi 
te ha 
a 
lustri 
phe; 
;, large 
re als 
treat 


foul Aluminum sulfate was being used, 
} it was decided to treat only one 


— half the supply with alum and use ferric 


= 
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ra} sulfate for the other half. In this way 


Ferri- Ferri- 
A Floc—% sul—% 

Insoluble Matter 6.83 4.60 

Ferric Sulfate (Fe,(SO,);) 67.10 89.69 
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a direct comparison could be made of | 
the different coagulants, as the raw 
water mixing and settling times would 
be the same in each half. A minimum _ 
carload (20 tons) of each of the two | 
coagulants—Ferrisul and Ferri-Floc— 
was purchased. A chemical analysis a 
of the alum is given in Table 3, and, of — 
the Ferrisul and Ferri-Floc, in Table 4. 
The designed capacity of the Mil-— 
waukee plant is 200 mgd. when the 
filters are operated at a rate of 2 gal. | 
per sq.ft. One hour of mixing plus 4 _ 
hours of settling are provided at the 
designed rate of flow. The mixing — 
basins are equipped with Dorr floccu-— 
lators, and the settling basins are two- 
decked. The water flows from the 
mixing basin through the lower half of — 
the settling basin, through an opening 
in the upper deck, and then back 
through the upper half of the basin | 
in a reverse direction to the filters. 
There are 32 filters, each having a nor- | 
mal capacity of 6.25 mgd. The filters 
are equipped with surface wash systems. 
Chemicals used in treatment are ap- bs 
plied to the 84-in. diameter raw water 


TABLE 4 
Analysis of Ferric Coagulants 2 


Ferrous Sulfate (FeSO,) 0.79 0.65 
Free Sulfuric Acid 3.58 0.26 
Other Sulfates 5.18 3.53 
Free Moisture 371 21.27 
Water Crystals 12.91 —_ 
Total 100.00 100.00 i 


Water Soluble Ferric 
Iron (Fe) 
Water Soluble Ferrous 


Iron (Fe) 


19.04 25.05 : 
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t TABLE 5 
Chemical Doses,* lb./mil.gal. 
Run No. 1 Run No. 2 | Run No. 3 Run No. 4 
Rate, lb./mil. gal.: ~~ Alum, 40 ~~ Alum, 55 Alum, 70 Alum, 70 
Ferrisul, 30 Ferrisul, 40 Ferrisul, 50 Ferri-Floc, 50 
Dates: June 12-21 June 22-26 June 27-30 July 19-26 
ees Run: 240 120 96 168 
jemes Treated, alum 473 206 168 470 
mil, gal. iron 472 201 168 468 
Cost per mil. gal. alum $0.41 $0.56 $0.71 $0.71 
iron $0.41 $0.54 $0.68 $0.55 
Carbon, /b./mil.gal. 2.4 4.0 14.9 4.7 
Chlorine, pre- 3.4 4.2 4.4 3.8 
1b./mil.gal. post- 1,20 1.18 1.16 1.18 
Ammonium Sulfate, post- 1.53 1.35 1.50 1.48 
lb.J/mil gal. 
| 


° Alum, iron, carbon and pre-chlorine were > applied to the raw water pipelines betwee 
pumps and mixing basins; post-chlorine andammonium sulfate dosages were applied to com 
bined effluent from north and south basins after filtration. 


pipelines between the pumps and the 
mixing basins. A quick mix of from 
3 to 10 minutes, depending on the rate 
of pumpage, is provided in the raw 
water pipelines. A number of 90-deg. 
bends in these lines aids mixing. Dur- 
ing the investigation, chlorine, 
vated carbon and either alum or ferric 
sulfate were used. The same chlorine 
and activated carbon doses were ap- 
plied to each pipeline. 

During the season at which these 
tests were conducted, the turbidity is 
generally low. The water is free from 
color, iron and manganese, but does 
contain a varying number of micro- 
organisms which may or may not cause 
trouble by producing tastes and odors. 
The raw water is moderately hard 
(approximately 130 ppm.), has an al- 
kalinity of about 110 ppm., and a pH 
value of about 8.0. The total solids 
average about 145 ppm., calcium 34 


acti- 


ppm., magnesium 11 ppm., sulfates 
ppm. and the chlorides 3.5 ppm. The 
is very little change in the mine 
composition from year to year. 

Sufficient coagulant is applied dur- 
ing the summer season to prevent a too 
rapid clogging of the filters by micro- 
organisms. When the filter runs drop 
below 30 hours, the coagulant dose i 
increased. By using enough coagulan 
to maintain a minimum filter run o 
30 hours, it has been possible to supply 
water at a maximum rate during th 
peak summer sprinkling load withou 
drawing down the water in the clea 
well below a fixed safety level. 

At the time the tests were run, t 
costs of the three coagulants delive 


to the plant were: 
3 
C | 


per por 
Aluminum sulfate a 2 adi 1.02 
Ferrisul 1.355 
Ferri-Floc 1.105 
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TABLE 6 
Raw Water Averages 


-” Run No. 1 Run No. 2 Run No. 3 Run No. 4 
Temperature, °F, 47.8 44.4 47.4 44.2 
Turbidity, ppm. 0.5 1.4 2.3 0.7 | 
Alkalinity, ppm. 110 110 110 110 : 
pH Value aad 8.17 8.08 8.06 8.13 
Micro-organisms 597 688 728 642 a 
(standard units) 
Residual Chlorine,* ppm. 0.21 0.26 0.26 0.23 


Applied Water Averages (Top of Filters) 


| Run No. 1 | Run No. 2 | Run No. 3 Run No. 4 
Turbidity, ppm. | 0.4 0.6 0.6 0.6 | 0.7 0.9 0.6 0.6 — 
pH Value 7.88 7.85 | 7.76 7.72 | 7.72 7.70 | 7.59 7.64 
Residual Chlorine, ppm. 0.07 0.07 0.09 0.09 0.08 0.08 0.07 0.07 
(Standard 195 162 152 159 62 101 7380 73 
Micro- Units 
organisms 
Per Cent 66 iz 77 77 90 84 79 89 
Reduction | | 


The present contract price for alum is 
1.175¢ per Ib. 

After completing the preliminary jar 
tests, it was decided to adjust the doses 
of the iron salts and alum used on a 
plant scale on the basis of cost. A 
dose of alum which it was known from 
previous experience would produce a 
satisfactory effluent was used. The 
dose of iron salts was then adjusted so 
that the costs of the two coagulants 
being compared were approximately 
equal. 

At the time the investigation was 
made, the threshold odor in the raw 
water was low, varying from 1 to 3, 
with the average under 2. The aver- 
age coliform index in the raw water 


during the tests was less than 60 per 
100 ml. 

A water of excellent quality was 
produced using all three coagulants. 
The plant effluent was clear (turbidity 
less than 0.05 ppm.), colorless, had a 
threshold odor of 2 or less, and a coli- 
form index of zero. The Ferrisul- 
treated filter effluents had a maximum 
iron content of 0.023 ppm., and an 
average of 0.012 ppm. The Ferri- 
Floc-treated filter effluents had a maxi- 
mum iron content of 0.041 ppm., and 
an average of 0.016 ppm. 

Conditions during the tests and the 
results are shown in Tables 5 to 8. 
Due to different mixing and settling 
times and filter rates, it is not possible 
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TABLE 8 
Filter Data 
7 | Run No. 1 Run No, 2 Run No. 3 Run No. 4 
Alum Ferrisul Alum Ferrisul Alum Ferrisul Alum Ferri-Floc 
Rate, lb./mil. gal.: 40 30 55 40 70 50 70 50 
Mixing Time—hours 257 “2:82 2.44 2.42 153 4:53 
Settling Time—hours 8.59 8.57 10.28 10.08 9.75 9.70 6.13 6.13 
Gallons Filtered— mil.gal.| 472 473 201 206 168 168 470 468 
med. 47.2 47.3 40.2 41.1 42.0 42.1 67.1 66.9 
Filter Rate—avg. mgd. 90 90 100 100 100 100 120 120 
Filter Run—hours 41.9 52.9 44.8 57.8 75.1 79.4 ac8. 235 
Gal./ft. Loss of Head/sq.ft. 

Sand 532 685 636 816 | 1065 1114 584 607 
Number of Washes 57 47 20 13 | 9 9 57 57 
Wash Water—wmil.gal. 11.40 9.70 4.20 2.86 | 1.80 1.98 11.40 13.11 
Wash Water—% 2.4 2.0 24 1.4 1.1 12 2.4 2.8 


to compare the two iron coagulants 
directly. The rate of pumpage was 
about 50 per cent greater when Ferri- 
was used. Larger coagulant 
doses were required at the higher rates 
of consumption, and the Ferri-Floc 
tests were therefore of shorter dura- 
tion. The total quantities of Ferrisul 
and Ferri-Floc used during the tests 
were approximately the same, about 
tons. 

The iron salts were discharged di- 
rectly into the weigh hoppers through 
chutes. No difficulty was experienced 
in dissolving and keeping the iron salts 
in solution in the stainless steel dis- 
solving tanks which had been provided 
_ with each alum dry feed machine at 
the Milwaukee plant. It was difficult, 
_ however, during the humid weather to 
keep the iron salts feeding continuously 
- in correct quantities. The iron salts 
caked on the endless rubber feeding 
belts which had to be cleaned at in- 
tervals of from 15 to 30 minutes. This 
condition could probably be corrected 
_ by using metal belts, or by installing 
air conditioning equipment in the cabi- 
nets of the dry feed machines. 


.” 


Slightly longer filter runs and better 
micro-organism removal in the settling 
basins were obtained with the iron 
salts. The differences are not great, 
but do indicate, under the conditions 
existing when these plant tests were 
made, that Ferrisul or Ferri-Floc 
could be used in place of alum at the 
Milwaukee plant without increasing the 
cost of coagulant, and still provide a 
plant effluent of the same excellent 
quality. At the time the tests were 
run, the authors did not feel that there 
were enough differences in the results 
obtained to warrant changing the equip- 
ment so that a ferric coagulant could 


be used continuously. 
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structure after the foundations have 
been exposed. Particularly this 
true where work has been started after 


engineering and architec- 
tural structure must be built on a 
foundation that is an integral part of 


the terra firma of our planet. If every 
structure were built on what was 
known to be solid rock, there would be 
little need for foundation exploration 


only a hasty investigation by inexpe- 
rienced designers. It is an unusual 
foundation, indeed, that can be sounded 
by widely spaced exploration holes; 
yet in at least one instance construc- 


or treatment. When locations are dic- 
tated by economic or geographical con- 
siderations, however, such stable ma- 
terial may not be available in the 
vicinity. Ifa general location has been 
established on the basis of the policies 
to be pursued by the prospective op- 
erator, an even more intensive search 
for the best possible exact site must 
be inaugurated. It is in this phase of 
the project that foundation exploration 
plays its part in sound construction. 


tion of a large irrigation and power 
dam was begun on the basis of findings 
from exploration holes 400 ft. apart. 
At the most costly period of construc- 
tion of that project, work had to be 
suspended while more foundation data 
were determined; and, at length, the 
entire project had to be redesigned. 
The total cost, including not only the 
expense of the false start and of the 
new structures, but the compensation 
for the idle time of the contractor, was 
of course tremendous. 

The dangers of placing structures on 
soft foundations, such as hard pan, 
clay, shale, sand and gravel, have been 
recognized for a considerable length of 
time, but the hazards involved in deal- 
ing with foundations in rock are not 
generally known. Too often it is as- 
sumed that where rock is available at 
a reasonable depth, the foundation prob- 
lem is solved. Nothing could be fur- 
ther from the truth—particularly where 
hydraulic structures are involved. The 
failure in 1900 of the dam across the 
Colorado River at Austin, Tex., from 


Foundation Exploration 


Too often prospective owners fail to 
spend sufficient money and effort in 
foundation investigation, thus commit- 
_ ting themselves to a short-sighted econ- 
omy which may often cost them far 
- more than their immediate savings. If 
_ the work is simpler than the inadequate 
investigation indicated, the contractor 
is overpaid; if it is more difficult, the 
- contractor may later sue for additional 
compensation due him as a result of 
unforeseen foundation problems not 
— disclosed in the invitation to bid. 
Lack of adequate foundation data 
_may also increase the cost of a project basic foundation undercutting, and the 
by making it necessary to redesign a foundation leakage at the Hales Bar 
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Dam, Tenn., ever since its completion 
in 1913, afford convincing proof of this 
fallacy. 

Available to designing engineers are 
the following methods of foundation 
exploration: test pits; shot or calyx 
drill holes of 3, 6, 8, 10, 12, 36, 48 in. 
and even larger diameters; diamond 
drill holes up to 3 in. in diameter ; 
various types of percussion drilling by 
cable tool rigs or air tools; wash bor- 
ings; augur borings; and rotary drill- 
ing. Of these, test pits or drillings give 
by far the best information in earth, as 
undisturbed samples can be taken at 
regular intervals and changes of forma- 
tion can be studied with a split-tube 
sampler. In rock, there is no substi- 
tute for diamond drilling in small di- 
ameters and shot or calyx drilling in 
large diameters. 


Foundation Treatment 


Once adequate data are available, 
the question of proper foundation treat- 
ment must arise. Little can be said 
generally, except that each foundation 
is a problem in itself, which requires a 
“tailor-made” solution. 

In the past twelve or thirteen years, 
great strides have been made in the 
development of foundation treatment 
methods, particularly on large govern- 
ment hydroelectric projects such as 
those constructed by the Tennessee 
Valley Authority, the Bureau of Re- 
clamation and the Army Corps of En- 
gineers. Many of the new methods 
and devices for grouting and for soil 
analysis were developed by the engi- 
neering staffs of these governmental 


departments. 


In cement grouting in rock, a hole 
pattern is laid out } to fit the particular 
i¢ 


Cement Grouting in Rock 


7 | 
Above 4th Stage 
3 
¢ 
$5 
Solid at Dam Ends 
(All Stages) 
S 3 / 
| | 
Below 4th Stage 
a (50 to 200-ft. — 
0 
0 5 10 15 20 
Spacing of Holes — ft. 
Fic. 1. Typical Grout-Consumption Curves 
structure. For example, under a large 


dam, shallow holes, 20-30 ft. deep, may — 
be drilled on diamond or double dia-— 
mond patterns for consolidation or — 
bearing grouting. 


row down to closer centers. For bear-— 
ing only, under slab bearing structures, — 
holes are often drilled by air tools such — 
as wagon drills. These holes are care-— 


fully washed out with air and water, | 


and as far as possible connecting chan-_ 
nels between holes are established and — 
cleaned out. This is necessary because | 


of the seam clogging tendency of per- — 


cussion drills. A pipe nipple is then 
grouted into the top of these shallow — 


holes, and spud connections from grout _ 


pumps are made. These holes are also — 
grouted under low pressure from the | 
top only, to prevent heaving of the rock. 
With this layer of consolidated rock 
available up to surface level, diamond 


drill holes are penetrated through the © 


layer into the deeper reaches of the rock — 
for leakage prevention by high- “pressure 
grouting. This also follows a given — 
pattern of spaced holes, gradually be-— 


ing reduced in spacing until an ap- 
parently watertight curtain has been 


These holes start 
from wider spacing and gradually nar- 
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established. As spacing becomes closer, 
the amount of grout taken per foot of 
hole becomes less. The amount of 
grout taken and the pressures devel- 
oped are indicative of the adequacy of 
the work (Fig. 1). 

All cement grout in rock should be 
pumped by piston-type, slush-fitted. 
pressure pumps which have removable 
cylinder liners and rubber pistons. 
Air-operated pumps are generally used 
to provide flexibility. Grout is started 
at very thin mixes; 2 cu.ft. of water to 
1 sack of cement. Wherever a hole can 
he grouted to refusal with this mix it 
is done, but there is no hesitancy in 
thickening the grout progressively if 
required to the thickest consistency the 
pump will handle, that is from 0.5 to 
0.6 cu.ft. of water per bag of cement. 
Even then it is sometimes necessary to 
limit the “take” of a hole in the inter- 
ests of economy, and return to it the 
next day. 

No hole in rock is ever considered 
thoroughly grouted until it refuses un- 
der application of a thin mix of about 
1.6 consistency. In many cases pre- 
vious refusals have been obtained with 
thicker mixes. Pressure is then held 
on the setting until grout takes its in- 
itial set. Thereafter the hole is jetted 
out and regrouted with a thinner mix. 
If it is not feasible to jet out a hole, 
the hole is reamed the following day 
and regrouted with the thin mix. This 
procedure is continued until a setting 
refuses to take the 1.6 grout. Refusal 
means practically no take of grout for 
1-2 hours at predetermined pressure, 
with the return line on. (All holes to 
which the pressure has to be regulated 
have a return line to the grout ma- 
chine.) Pressure in holes is prede- 
termined depending on hole depth and 
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character of material, usually at about 
y at apout 


1 psi. per ft. of depth. The return line 
valve is then regulated to maintain this 
pressure on the hole. 

Holes in rock may be “stage” or 
“step” grouted. Only in shallow and 
comparatively low-pressure holes is the 
entire hole grouted from the top in one 
setting with a nipple cemented in place. 
In all other instances grouting is done 
through a transmission pipe, usually 
1} in. in diameter, with a quick-break- 
ing packer at the bottom. This packer 
can be set at any level for water or 
dye-testing a hole, and can also be used 
for cement or asphalt grouting. oo 


q 


Stage Grouting 


In stage grouting the packer is set 
progressively from the bottom of the 
hole to the top in approximately 10-20 
ft. increments, each stage being grouted 
to refusal. In an application of this 
method at Dix Dam in Kentucky, as- 
phalt was pumped into a leakage area 
about 350 ft. down and cement grout 
in stages was pumped above this set- 
ting. Similarly, a large part of the — 
155,000 cu.ft. of cement grout at Hales | 4 
Bar Dam was applied by this process. 

The first two sections of Fig. 2 illus- 
trate the stage method of grouting; the 
last section shows the single-setting 
method with the nipple cemented in — 
place at the top. 7 


Step Grouting 7 


In step grouting, the stage process is 
reversed. A hole is drilled to a depth 
of its first increment—probably to a 
seam or a point at which it loses water 
—or the maximum predetermined in- 
crement. It is grouted to refusal in _ 
accordance with previously described — y 
standards (Fig. 3), and then reamed | 
through this depth down to another in- 
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1}-in. Cement 
Grout Pipe 


_— Packer 


— Rubber Ring 


Cement Grout 
Impregnation 


Fic. 3. 


“Diamond Drill Hole 
Stopped at Seam 


First Increment, Step Grouting 


cremental depth, and the process is 
7 
repeated (Fig. 4). Where leakage may 
be expected at low levels, such as some av 
of the areas at Hales Bar and Great 
Falls, Tenn., this system presents - 


advantage, since all the upper area is 7 
impregnated, and the leakage seam can | 
be dealt with in the manner that <a > 
suits its characteristics. 

Considerable step grouting was em- _ 
ployed at TVA’s Chickamauga and 
Fort Loudoun Dams, Tenn. An adap- 
tation of this method was used at 
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1}-in. Asphalt 
_— Grout Pipe 
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Out Cement Grout, 
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ff impregnated 


Negro project in Uruguay, where 

on numerous occasions later applica- 

tions at the same setting took more — 


grout than the former ones. This phe- < 


- nomenon has not yet been satisfactorily | 


explained, but the grouting methods 


—used were not exactly comparable with 
those in use in the United States. 

Practically all rock grouting, if at 

all possible, should be done with ce- 

ment only. The use of sand in the WAF 

mixes is badly out-of-date. Pushing 

mortar through water in a hole has 

exactly the same effect as pushing 
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ic. 4. Step Grouting to Completion 
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water through a wet mortar; the re- 


sult is segregation. Unless grouting 
with sand-cement mortars can be done 
by tremie under atmospheric pressure 
until a hole is full, it is not to be rec- 
ommended. Results are dubious, and 
there is not even the apparent saving 
one would expect, for mortar grouts 
cannot be pumped satisfactorily or eco- 
nomically with piston-type pumps. 
Also, although sand is cheaper, the spe- 
cial handling and labor involved to 
make up these mortars offsets any sav- 
ing in cement. 

The use of admixtures for control- 
ling the time of setting of cement is 
quite another matter. In certain places 
quick-setting cement grouts are desir- 
able and should be used; their efficacy 
has been well demonstrated at Great 
Falls. Numerous commercial products 
are made especially for this purpose, 
and there are such chemicals as cal- 
cium chloride and sodium silicate, either 
of which produces quick-setting quali- 
ties in cement. Mixtures of “Lum- 
nite” and portland cement in various 
proportions may also be used, depend- 
ing on the speed of set desired. Cal- 
cium chloride is used principally, a 
brine of known concentration being 
prepared and added to the mix water. 
Sets as fast as 90 seconds can be pro- 
duced this way, or retardation can be 
secured by adding more water. 


Cement Grout in Soils 


Cement grouting in sand and gravel 
can be done fairly efficiently, but its 
effectiveness is in the ratio of the size 
of the voids between particles. In the 
fine materials, for example, cement 
“grouting” is a misnomer. It would 
be more aptly called cement “consoli- 
dation,” for this is about all that can 
be expected. This work is done by 
sinking a 2- or 24-in. pipe to the de- 


phalt grouting can be very effective if 


sired depth, cleaning it out and ie. sf 
it a predetermined increment, usually 
about 2 ft. Cement grout lines are 
then hooked to the pipe and by alter- 
nate pressure grout applications to re- 
fusal and jacking of the pipe, the grout 
is forced through the pipe into the 
material from the bottom of the hole 
to the top. Quite obviously, the ef- 
fectiveness of this work ‘also depends 
on the pressures used and the spacing 
of the holes. Very close spacing is 
required for maximum results. Pe ved 

A large amount of cement consolida- _ 
tion work was carried on at Kentucky 
Dam and at Chickamauga and Watts 
Bar. In the latter two instances, con-— 
siderable experimentation was done 
with clay cements, using 1 part cement — 

2 parts clay for consolidation. This | 
clay use unquestionably saves money > 
if used in large enough quantities. The 
plant necessary to mix it is compli- 
cated, however, since the clay has to 
be dried, to eliminate all lumps, and — 
then screened. Experience dictates 
that it must also be premixed with 1 
water before combining with the ce- 
ment slurry for greatest effectiveness. _ 
Thus, unless a large volume of repeti- : 
tive work of this sort is in prospect, | 
it is usually advantageous to use ce 
ment alone. 

Cement consolidation in soils should — 
not be looked upon as a cure-all. It 
will stabilize the soil, if the soil con- a0 9 
tains sufficient voids to absorb some — ; 
cement, and it is inexpensive to apply. 
There are soils, however, for which the 
use of bentonite, clays and other mix- > 
tures can work to best advantage. 
Again, each problem requires a pre- 


scription all of its own. va, 


For leakage correction in rock, as- 


Asphalt Grouting 
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applied correctly. It is not considered 
reliable as a bearing material, although 
some leaks have been plugged with 
spectacular success by the use of as- 
phalt grout. Great Falls, Tenn., is the 
prime example of what can be done 
with asphalt. The work there is over 
2 years old and is holding up very 
well. Figure 5 shows Leak No. 5 at 
Great Falls before asphalt grouting; 
Fig. 6 shows the same area after treat- 
ment. The whitish substance appear- 
ing to trickle down the ledges is not 
water but solidified cement. The cof- 
ferdam around the East Norfolk Dam 
on the Raquette River in north central 
New York was a troublesome water 
producer before asphalt grouting sealed 
off its leakage so that construction 
could proceed behind a dry cofferdam. 
Another example is Dix Dam in Ken- 
tucky. 

Asphalt is most effective in laby- 
rinthal seams where effective stops 
against movement are available after 
it has frozen. The melting point of 
asphalt should be so high that it will 
remain frozen at medium temperatures, 
and its flashpoint should be very high, 
to prevent fires. Melts at about 185- 
190° F. are commonly specified and 
flashpoints of 450-475° F. are usual. 
The specific gravity is about 1.0, al- 
though both lighter and heavier as- 
phalts are used for specific applications. 

The asphalt is generally heated to 
about 400-450° F. and then pumped 
through 13- or 2-in. pipe with a ball 
valve piston-type boiler feed pump, air- 
operated and suitable for pumping as- 
phalt. Other types of pumps can also 
be used, but this type is peculiarly well 
adapted to grouting work under pres- 
sure. If heating and pumping capaci- 
ties are sufficient, there is no need for 
heating elements, although such expe- 
dients as electric hot wires and steam 
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have been used in the past. Heating 
and pumping capacities are now consid- 
ered far more necessary to successful 
execution than heating elements in the 
hole. Asphalt in earth grouting has 
not been tried to the best of the au- 
thor’s knowledge. In a coarse gravel 
it probably would fill the voids satis- 
factorily, but this assumption is based 
only on probabilities projected from — 
work under other conditions. 


Other Foundation Treatment 


In Tennessee Valley limestone rock, 
there are numerous places where grout- 
ing as such is not feasible, and where 
much more expensive open excavatio:. 
or special shaft work is required to 
effect a cutoff wall against leakage. 
Prime examples of such work are at 
Chickamauga, Fort Loudoun, Gunters- 
ville, Kentucky and Hales Bar Dams. 

At each of these projects the leakage 
or prospective leakage was stopped by 
mechanical cutoffs. At Chickamauga 
Dam, Tenn., open trench work was 
used down through all the bad rock 
into good rock, below which cement 
grout was placed. Fort Loudoun Dam, 
Tenn., and Guntersville Dam, Ala., of- 
fer excellent examples of gigantic den- 
tal jobs, where cavities were followed 
and cleaned out, then concreted and 
sealed by cement grout. At Kentucky 
Dam, Ky., a concrete arch was built 
by drilling 48-in. core drill holes in 
steps, tunnelling out and concreting ; 
then redrilling and advancing another 
step downward, By alternating blocks, 
a concrete arch 100 ft. long and 200 ft. 
deep was eventually built, practically 
all below the normal level of the rock, 
which was rotten throughout. At 
Hales Bar Dam, to meet a different 
problem, 18-in. overlapping core drill 
holes, lined and concreted, were used 
for this cutoff to a depth of 100 ft. in 
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rock and up to 160 ft. from the base 
of operations. 


Conclusion 


It should be emphasized that cement, 
asphalt, chemical or any other type of 
grouting is never the panacea for all 
foundation evils. Each problem re- 
quires careful and experienced analy- 
sis, after which a specially prepared 
solution should be developed to meet 
the particular requirements at that lo- 
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cation. Thus, and thus only, will the 
right solution to highly specialized 
problems be derived. These problems 
are expensive, and owners who have 
them must be prepared either to rec- 
ognize this and bear the expense or be 
troubled with continual annoyance and 
the added expense of half measures. 
Certain principles of practice have 
stood out as superior to others, yet 
invariably modifications in these mani- 
fest themselves, and bear investigation. 
There is always something to learn. 
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Chemical Warfare and Water Supplies 


By Joseph M. Sanchis 
San. Engr., Dept. of Water & Power, Los Angeles, Calif. ‘ 


Formerly Major, San. Corps, Med. Div., Office of the Chief, Chem. Warfare Service, y 
Edgewood Arsenal, Md. 


A Contribution to the Journal 


ie requirements for water which 
is to be supplied to troops in the 
field are recognized as indispensable: 
that it be free of pathogenic organisms 
and that it contain no harmful concen- 
trations of toxic substances. In addi- 
tion, of course, the water is expected 
to be as palatable and attractive in ap- 
pearance as the tactical situation and 
the available water treatment facilities 
will permit. 

In time of war, the greatest danger 
of water contamination by toxic sub- 
stances is presented by the constant 
threat of an attack with chemical war- 
fare agents, to which danger surface 
supplies are particularly vulnerable. 
Toxic, irritant or obnoxious contami- 
nants may also be placed intentionally 
in pipelines, cisterns, wells, storage 
tanks and small bodies of water by re- 
treating armies or saboteurs. 

As war clouds gathered over Europe, 
considerable interest was aroused in 
the study of water contamination prob- 
lems which could result from chemical 
warfare or sabotage. Most of the early 
work done in this country on problems 
of water contamination with chemical 
contaminants was conducted at Edge- 
wood Arsenal, Md., under the auspices 
of the Chemical Warfare Service. 
Later, the studies continued under 


Army Medical Dept. supervision. 
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In the latter part of 1941, real im- 
petus was given to the study of chemi- 
cal warfare agents in water by the 
initiation of an extensive research pro- 
gram at the Chemistry Laboratories of 
the Univ. of Illinois. This program 
was carried out under a contract, rec- 
ommended by the National Defense 
Research Com., between the Office of 
Scientific Research <iid Development 
and the university. Also upon recom- 
mendation of the NDRC, similar proj- 
ects were initiated in the early part of 
1943 at the Case School of Applied 
Science, Cleveland, Ohio, and at Louis- 
iana State Univ., Baton Rouge, La. 
The work conducted by the civilian 
research groups then took the form 
of co-operative investigations in close 
collaboration with personnel of the Wa- 
ter Supply and Equipment Branch, 
The Engineer Board, Fort Belvoir, 
Va., and the Water Chemistry Section 
of the Medical Div., Chemical Warfare 
Service, Edgewood Arsenal, Md. 

Much information has been compiled 
as a result of the studies and experi- 
mental investigations carried out by 
civilian and military organizations, and 
much credit is due to all those who 
participated in the research programs. 
Their contributions made possible a 
more logical appraisal of the problems 
created by the presence of deleterious 
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substances in water. Their work was 
of particular value in the design of 
water testing equipment and in the for- 
mulation of policies on selection and 
treatment of water sources in areas 
exposed to contamination by chemical 
warfare agents. 

In accordance with present War 
Dept. policy, much of the research ma- 
terial accumulated during the past years 
is to be released and will appear in the 
literature of the field from time to time. 
For the most part, these publications 
will be of a highly technical nature and 
will be limited to discussion of isolated 
topics. 

The broad outlines of the subject of 
chemical warfare and its possible ef- 
fects on water supplies, however, may 
be presented and discussed here to- 
gether with some of the problems which 
could arise from the intentional or acci- 
dental contamination of water sources 
with chemical substances. Particular 
reference is made to Army practice in 
handling these problems in the field. 


Chemical Contaminants 


may 
those 


The chemical substances that 
cause water contamination are 
which have toxic properties (casualty- 
producing substances) and those capa- 
ble of imparting irritating or obnoxious 
tastes or odors (water denial agents). 

These contaminants may be organic 
or inorganic substances. The organic 
substances include most of the chemi- 
cal warfare agents, poisonous com- 
pounds of the alkaloid and glucoside 
groups and taste- and odor-producing 
substances, such as fish oil and bone 
oil. The inorganic substances include 
the soluble arsenic, cyanide and sele- 


nium salts and some of the compounds 


of lead, mercury and thallium. 
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their ready availability for tactical use 
and because of the highly effective 
methods developed for their dispersal 
by means of air and ground weapons, 
present the greatest threat of broad- 
scale contamination of water sources, 

Extensive contamination of water 
supplies with toxic concentrations of 
alkaloids, glucosides and inorganic poi- 
sons isa possibility. The large amounts 
of these substances required to produce 
lethal concentrations in sizable bodies 
of water, however, would make the un- 
dertaking decidedly difficult. Much 
more feasible would be the contamina- 
tion of water with taste- and_ odor- 
producing agents. Nevertheless, it is 
doubtful whether any of these sub- 
stances will be used for other than the 
intentional contamination of relatively 
small volumes of water in pipelines, 
wells and storage tanks. 


Chemical Warfare Agents in Water 


The chemical warfare agents have 
been defined as substances useful in 
war, which, by their ordinary and di- 
rect chemical action, produce a toxic 
effect, a screening smoke or an incen- 
By toxic effect is meant 


diary action. 
action 


any deleterious physiological 
they cause when applied to the body 
externally, breathed or taken orally in 
moderate doses. 

Although substances capable of pro- 
ducing toxic effects are of greatest in- 
terest in the contamination of water 
supplies, the compounds used in in- 
cendiaries (Table 1) and in screening 
smokes (Table 2) may also play an 
important role in water contamination 
by rendering the water nonpotable be- 
cause of the tastes, odors, turbidity or 
color which they may impart. 

Well over a thousand toxic chemical 
compounds have been studied in order 
to determine their suitability for use in 
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TABLE 
Effects of Incendiaries on Water Supplies 


— 


Agent | Crude Oil Magnesium Thermit | White Phosphorus 
Solubility in Water Insoluble Insoluble Insoluble Insoluble, but: 
soluble as oxide 
Physical Char-| Turbidity Present Present Present Present 
acteristics of | 
Water | Color Brownish None Present None 
Taste, Odor | Oily Acid Acid Very acid 


Physiological Characteristics | Production of toxic water very unlikely (presence of insoluble 
of Water elemental phosphorus a possible exception). All non-potable 
| due to physical characteristics. 


TABLE 2 be 
Effects of Screening Smokes on Water Supplies 
— — 
Agent FS Mixture Tetrachloride | HC Mixture Phosphorus 
Solubility in Water Very soluble | Insoluble. Some consti- Insoluble, but — 
Forms the | tuents are soluble as 7 
hydroxide. soluble oxide 
Physical Char-| Turbidity None Present | Present Present a 
of Water Color | None None Slight, black None 
Taste, Odor | Very acid Acid | Slight, metallic Very acid 


Physiological Characteristics | Production of toxic water very unlikely (presence of insoluble 
of Water elemental phosphorus a possible exception). All non-potable 
| due to physical characteristics. : 


— 


chemical warfare. Of these, less than halation or contact with the skin, their | 
twenty have been found to be capable value as water contaminants depends — 
of dispersion in sufficiently toxic con- also on their oral toxicity, their solu-— 
centrations in the field, and to meet bility in water, the rate at which they | 
other requirements (such as stability hydrolyze, their tendency to react with © 
in storage, availability of raw mate- other substances present in water and 
nals, possibility of large-scale manu- the toxicity of the newly formed prod- _ 
facture and suitability for loading in ucts. For this reason, the physiologi-— 
munitions) which are considered es- cal characteristics of water contami- 
sential in usable chemical warfare nated with substances such as 
agents. relatively insoluble arsenic-containing © 
Although these usable agents are vomiting gases (Table 3) and the 
capable of producing casualties on in- highly toxic but easily hydrolyzed chok-— 


; 
| 
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TABLE 3 
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Agent 


| 
Diphenylamine- 
| chlorarsine 


Effects of Vomiting Gases on Water Supplies 


Dipheny!chlorarsine 


Diphenylcyanarsine 


Solubility in Water 7 Satd. soln. con- 


tains approx. 


Sat. soln. con- 
tains approx. 


Satd. soln. con- 
tains approx. 


Physiological Characteristics of 


60 ppm. 50 ppm. 15 ppm. 
Physical Charac- Turbidity Present Present Present nom 
teristics of Water fl Phy 
Color Slight brown None None acte 
Wat 
: Taste, Odor None None None 


Saturated solution non-toxic if no large excess of agent 


| 


_ physiological effects when 
On the other hand, the t 


(Table 5) may remain undissolved in 
water, retaining their toxic and vesi- 


Water. present in suspension. Phys 
istics 
TABLE 4 
Effects of Tear Gases and Choking Gases on Water Supplies 
Agent Chlorine Phosgene Chlorpicrin 
Solubility in Water Slightly 10,000 ppm. | Hydrolyzes About 1,700 
soluble. | | ppm. 
600 ppm. | 
Physical Char-| Turbidity Present None None None in 
acteristics of —— and 1 
Water Color None None None None there 
[aste, Odor | Lachryma- | Strongly | May be acid | Lachryma- | 
tory, biting, | pungent in low alka- | tory, biting, ter St 
peppery | linity water | peppery : 
Physiological Characteristics | Satd. soln. Undrinkable | Non-toxic Satd. soln. The 
of Water, non-toxic but | at toxic con- | but may be | non-toxic but , 
non-potable |"centrations. | non-potable | non-potable sulfur 
due to very due to acid due to very gen m 
ree biting and produced on_ | biting and are oO} 
produc 
* Tear gas. Other agents in table are choking gases. dls: 
t Data for diphosgene similar to that for phosgene. 13 ’ 
to 
ing gas phosgene (Table 4) are not cant properties, or they may hydrolyz poy ( 
what would be expected from their slowly into other toxic compounds both t 
inhaled. Water contaminated with the blood ani the 


ister gases nerve poisons (Table 6) may 


remain toxic for some time, due 
their very slight tendency to hydrolyzg'ween | 
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TABLE 5 
Effects of Blister Gases on Water ‘Seana 


—— 
| Nitrogen Methyldi- Ethyl- 
Agent | Mustard Mustards * . chlorarsine | dichlorarsine 
Solubility in Water | About 700 | 100 ppm. | 10,000 20,000 Above 
| ppm. with with hy- | ppm. with ppm. with | 1,000 ppm. 
hydrolysis | drolysis hydrolysis | hydrolysis | with hy- 


drolvsis 


Physical Char- | Turbidity | Present None None None None 
acteristics of |— 
Water Color Pale yellow | None nse None <r 

| — 

| Taste, Odor} Obnoxious | Slight fishy | Obnoxious | Pungent Pumenet 

| 


Physiological Character- | Toxic only 
if unhydro- 


istics of Water 
lyzed mus- 


tard 


present; 
otherwise 


due to taste | 
and odor. 


Very likely 
to be toxic 
in low pH 
water or 
water de- 

| ficient in 
non-potable | alkalinity 


Very likely to be toxic because of high 
solubility and arsenic content. 


in natural waters. The blister gases 
and the blood and nerve poisons are, 
therefore, the most important of the 
potential chemical contaminants of wa- 
ter supplies. 


Blister Gases in Water ai, © 


The better known blister gases are 
sulfur mustard, lewisite and the nitro- 
gen mustards. These so-called “gases” 
are oily liquids at ordinary tempera- 
pressures. The plant-run 
products are usually dark brown in 
color; their specific gravity varies from 
1.3 to 1.9. When introduced into a 
body of water, these substances tend 
both to form surface films and to fall 


to the bottom as globules. For this 
reason, the least contaminated water 
will usually be found in the zone be- 


ween the surface film and the bottom 


* Data applies primarily to compound (CICH4)3N. 


deposits in reservoirs or slowly mov- 
ing streams. Since solution takes place 
only at the agent-water interface, the 
rate of solution of these agents is slow, 
and bottom deposits of active material 
could easily remain in calm water for 
extended periods of time, perhaps 
months. 

The surface films and oily droplets 
of the blister gases retain their toxic 
and vesicant properties and are capable 
of producing typical lesions on the skin 
of persons who use the contaminated 
water for swimming or bathing, and on 
the mouths and digestive tracts of those 
who drink it. A number of casualties 
among troops was recorded as a result 
of bathing in a stream which had acci- 
dentally been contaminated with a 
small quantity of sulfur mustard sev- 
eral days previously. 
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As soon as blister gases go into solu- 
tion, however, there is a tendency for 
them to react with water (hydrolyze) 
at a more or less rapid rate to form 
hydrochloric acid and other compounds 
which in some instances are less toxic 
than the original substances. The hy- 
drolysis of sulfur mustard, lewisite and 
one of the nitrogen mustards is indi- 
cated in the following equations : 
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(rapid ) 


As indicated in these equations, hy, 
drochloric acid is one of the reacti 
products in the hydrolysis of blist 
gases. Therefore, in waters with ig 
sufficient alkalinity to neutralize 
acid produced, hydrolysis cannot pr 
ceed to completion; and some of the 
toxic and vesicant compounds may re 
main unchanged in solution. 


At ordinary temperatures, the hy 


(CIC2H4)eS + 2H20 = 
Sulfur Mustard + 2H:,O 
(Toxic and vesicant) 
CIHC:CHAsCh + HO ——— 
Lewisite + HO 

(Toxic and vesicant) 


Other “‘arsenical” blister gases, such 
as methyldichlorarsine and ethyldichlor- 
arsine, are also rapidly hydrolyzed to 


(instantaneous) 


> (HOC2H,)2S + 2HCI 
Thiodiglycol + 2HCI 


(Non-toxic and non-vesicant ) 


CIHC:CHAsO + 2HCI 
Lewisite Oxide + 2HCI 
(Toxic and vesicant ) 


drolysis of sulfur mustard to harmle 
thiodiglycol is rapid, about 100 pp 
being completely hydrolyzed (for 


their corresponding oxides in the man- practical purposes) in about one hout 
ner indicated for lewisite: It is well to remember, however, tha 
(rapid ) 
(CIC2H4)3N First Ring Compound + ClI- ag 
Nitrogen Mustard H,0 (About as toxic as original compound ) tcan 
(Toxic and vesicant ) | ate 
(rapid) (HOC2H,) may, 1 
Second Ring Compound + + HCl 
(About as toxic (CIC2H4)s 
tt. as original compound ) 
_(HOC2H4)s (rapid) 
+ HCl Third Ring Compound + Cl- 
‘(CIC2H,) H.O (About as toxic as original compound) 
cteristi 
Vater. 
(slow) 
sio 
Final hydrolysis product + HCI _— 
(Non-toxic and non-vesicant ) : 
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agent must go into solution before 
‘can hydrolyze, and that the solubility 
rte of sulfur mustard in quiet water 
svery slow. Although water contain- 
ng completely hydrolyzed sulfur mus- 
id is non-toxic and non-vesicant, it 
hay, nevertheless, be non-potable be- 
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Fic. 1. “Screening Kit” for the Detection of Chemical Warfare a" 


TABLE 6 
Effects of Blood and Nerve Poisons on Water Supplies 


WARFARE 


cause of its objectionable odor and 
taste. 

Lewisite and the other arsenical 
blister gases hydrolyze instantaneously 
to form their respective oxides, which 
are toxic and vesicant. Here again, 
the slow solubility rate of the agent 


Agent 


Cyanogen Chloride 


Hydrocyanic Acid 


Solubility in Water 


—— 


| 60,000 ppm. 
Physical Char- | Turbidity | None 


nd 


Soluble in all proportions 


None 


Color 


icteristics of | 


Vater. None 


Taste, Odor 


‘hysiological Characteristics 
Water. | 


Sharp, biting, lachrymatory 
| Toxic and non-potable due to 
| taste and odor. 


None 


Sharp odor. Bitter taste 


Toxic and non-potable due to 
taste and odor. 
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may permit the accumulation of unhy- 
drolyzed material in calm water. 

The hydrolysis of the nitrogen mus- 
tards is a complex reaction. It pro- 
ceeds in several steps and may stop 
short of completion in waters with in- 
sufficient alkalinity to neutralize the 
acid formed on hydrolysis. The inter- 
mediate hydrolysis products are toxic 
in varying degrees, but the final prod- 
uct of hydrolysis is non-toxic and.non- 
vesicant. The complete hydrolysis of 
100 ppm. of (CIC,H,),N dissolved in 
water containing over 100 ppm. of al- 
kalinity (expressed as CaCO,) re- 
quires from one to two days at ordinary 
temperatures, 


Blood and Nerve Poisons in Water 


Cyanogen chloride (CNC1) is con- 
sidered an effective chemical warfare 
agent since it not only has an extremely 
sharp and irritating odor but is in- 
tensely lachrymatory and highly toxic 
as well. Because of its low boiling 
point, 12.5°C., it is a gas at ordinary 
temperatures and, therefore, is classi- 
fied as a non-persistent agent. 

In spite of its high volatility and non- 
persistent nature, cyanogen chloride 
dissolves readily and extensively in 
water under field conditions to give 
aqueous solutions which may retain 
considerable quantities of the agent 
even after several days standing. Wa- 
ter containing 50 ppm. of cyanogen 
chloride would be refused in most cases 
because of its irritating effect on the 
throat. At 75 ppm. or over, the con- 
taminated water is undrinkable. For 
this reason, it is doubtful if individuals 
could ingest toxic doses of cyanogen 
chloride in drinking water. Neverthe- 
less, its effectiveness as a water denial 
agent alone would suffice to make this 
compound an important water con- 


taminant. 
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In water, cyanogen chloride is ve the 
slowly hydrolyzed to cyanic acid 


chet 
indicated by the equation: 


be ¢ 
CNCI+H:O HCNO 
as a 
This reaction proceeds much faster jqabili 
the presence of hydroxyl ions to fornithe 
the relatively harmless cyanates. Th) U 
ultimate hydrolysis of the cyanic agiffis ot 
to ammonia and carbon dioxide agdat ti 
cording to the equation: confi 
onté 
pppa 
proceeds very slowly at ordinary py M: 
values. 
Hydrocyanic acid (HCN) is a cologlllinc 
less, highly volatile liquid which boigperso 
at 26°C. Its vapor is non-persistegtion 
and has the odor of bitter almondgWarf 
This acid is miscible in all proportiogd., 
with water and, as with cyanogen chiqrelop 
ride, its vapor has been found to digledi 
solve readily in water under field com! cl 
ditions. In alkaline water, hydrocyanglese, 
acid forms cyanide salts which ang k 
soluble and stable. The toxicity @endec 
these salts is equal to that of equivalesptal 
concentrations of the acid. erred 
Upon chlorination, as practiced fqmore 
the disinfection of military water suppuitabl 
plies in the field, the cyanide is cosf0rk | 
verted into cyanogen chloride, of 
creating a water-denial problem. 


HCNO + H:.0 —— > NH:+CO0, 


Detection of Contamination in 
Water 


A critical inspection of a wa 
source and surrounding territory 
sometimes reveal the presence of 
desirable chemical contaminants. 
appearance, taste and odor of the 
ter, the wilting and discoloration 
nearby vegetation, the presence of d 
aquatic animals and similar evid 
are all significant indications whi pp, , 
should arouse suspicion. Warning 
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the possible presence of undesirable 
chemical compounds in water may also 
be given by the results of certain rou- 
tine water treatment control tests such 
as abnormally low or high pH and in- 
ability to obtain chlorine residuals with 
) fornthe usual chlorine doses. 

Thi Useful as these observations are, it 
ic acifis obvious that they may be misleading 
de aclat times. For this reason, the need of 
confirming the presence of harmful 
»ontaminants by chemical tests becomes 
apparent. 

Mainly through the efforts of the 
{DRC research group at the Univ. of 
cologlilinois Chemical Laboratories and the 
h boigersonnel at the Water Chemistry Sec- 
-sistegtion of the Medical Div., Chemical 
mondgWarfare Service, Edgewood Arsenal, 
{d., two water-testing kits were de- 


ster 


ry pi 


ortio 
n chieloped and standardized as Army 
to dipledical Dept. items for the detection 


{ chemical contaminants. One of 
ocvangese, commonly known as the “screen- 
ch agng kit,” is a pocket-sized outfit in- 
city ¢ ended primarily for the testing of nat- 
ral water sources. The other, re- 
erred to as the “suitcase kit,” is a 
nore elaborate portable laboratory 
er supuitable for water treatment control 
is copvork and for determining the potabil- 
e. thyty of treated waters. 


‘se of “Screening Kit” 


ld co 


livaler 


ced fi 


The “screening kit” was designed for 
econnaissance purposes in areas known 
suspected to have been under attack 


Ty ™pith chemical warfare agents. When 
of t operly used, this kit will either give 
S. “the “go-ahead” sign on the supply or 
the Pll indicate a water so contaminated 
toN Hith chemical agents that it cannot be 
= ndered potable by ordinary field wa- 
vider 


t treatment procedures. 
> Wl For the sake of simplicity in opera- 
ring Fon, analytical procedures have been 
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developed to employ dry reagents 
only. These are furnished as tablets 
or pellets of proper size for the per- 
formance of each test. Except for 
warming with the hand in some of 
these tests, no heat is required. The 
reagents and equipment are packed in 
a container 54 by 1? by 3} in. When 
fully loaded for testing 15 samples of 
water, the kit weighs about 1 Ib. Fig- 
ure 1 shows the “screening kit” in use. 

Simple instructions for performing 
the tests and interpreting results are 
contained in a booklet which is fitted 
in the cover of each kit. The chemical 
processes involved in the tests and the 
results obtained may be briefly out- 
lined : 

(a) Arsenic Test (Modified Gut- 
zeit): Arsenicals are converted to ar- 
sines through the action of nascent 
hydrogen produced by the reaction be- 
tween acid, added in the form of so- 
dium acid sulfate, and metallic zinc. 
The arsine reacts with an indicator 
paper strip, sensitized with mercuric 
chloride, to produce a stain. A posi- 
tive test is indicated by a stain } in. or 
more in length; such a stain is pro- 
duced by a 20 ppm. concentration of 
lewisite. 

(b) pH Test: The pH is determined 
by means of pH indicator paper and a 
pH color chart. A pH below 6 or 
above 9 is considered a probable indi- 
cation of chemical contamination. 

(c) Mustard Test: Mustards and 
the toxic hydrolysis products of the 
nitrogen mustards are detected by 
means of a special reagent known as 
“DB-3.” The sensitivity of the test 
is on the order of 4 ppm. of nitrogen 
mustard, and about 50 ppm. of “third 
ring compound.” The appearance of 
any reddish or blue color in the solu- 
tion is a positive test for active mus- 


tard. 
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TABLE 7 
Interpretation of Results Obtained With the ‘Screening Kit" 
Field Test Results Compounds Absent in Objectionable Concentrations 
Chlorine Demand | Negative | Sulfur mustard, lewisite, methyldichlorarsine, ethyldichle 
arsine, diphenylcyanarsine, cyanides, trivalent arsenic 
arsenite 
Mustard Negative | Sulfur mustard, ‘‘nitrogen mustards,’’ cyanogen chloride 
Arsenic Negative | Lewisite, methyldichlorarsine, ethyldichlorarsine, pher 
| dichlorarsine, inorganic arsenicals 
pH | 6to9* | Phosgene, diphosgene, intermediate hydrolysis products 
| ‘nitrogen mustards” 
Taste and Odort None | Cyanogen chloride, hydrocyanic acid, chloroacetophenon 
| chlorpicrin, sulfur mustard 
Turbidity and None | Adamsite, diphenylchlorarsine 
Colort 


* With low alkalinity waters. 


t Taste and odor refer particularly to those directly attributable to the presence of to 


compounds. 

t Turbidity and color are to be interpreted in light of local conditions and usually wi 
mean ‘None in excess of those normally existing after purification by ordinary methods 
water treatment.”’ 


Cyanogen chloride, in concentrations 
over 5 ppm., produces a yellow color 
with the ‘““DB-3”’ reagent. 

(d) Chlorine Demand Test: The 
chlorine demand is determined by 
means of halazone tablets and an ortho- 
tolidine residual chlorine testing as- 
sembly. This test indicates the pres- 
ence of a number of agents which may 
or may not give positive tests for “mus- 
tards” or “arsenicals” and includes cy- 
anide when present in concentrations 
greater than 3 ppm. A positive test is 
indicated by failure to obtain 1 ppm. or 
more of residual chlorine after a 5- 
minute contact period when using a 6- 
ppm. chlorine dose. 

(e) Taste and Odor: Absence of all 
tastes and odors will not necessarily 
indicate a safe water since some of the 
toxic agents do not impart a noticeable 
taste or odor. On the other hand, the 
presence of only those odors or tastes 
normally characteristic of natural wa- 
ters is considered to be a negative test. 


‘ 


A lachrymatory or pungent odor, 
biting or peppery or chlorinous tas 
and any taste or odor of a known chen 
ical warfare agent are considered pos 
tive tests. 

If any one of the “screening kit 
tests gives a positive result, the wate 
source is not to be used without fur 
ther investigation. 

From the criteria used in establish 
ing what constitutes a “positive result 
for the above determinations, it is ot 
vious that negative results by th 
“screening kit” procedures do not ne 
essarily mean complete absence 


chemical contaminants. The basis s¢ 
lected to determine acceptabifity | 
water sources, therefore, takes inl 
account the possible need of using, up 
der critical circumstances, water whi 
contains chemical contaminants, prt 
vided that their concentrations do m 
produce toxic or harassing effects wh¢ 
the water is consumed in normal vo 
umes. This criterion, however, is i 
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tended to apply only to waters which 
are to be treated by standard field pro- 
cedures, such as coagulation, filtration 
or chlorination, and that are to be used 
sparingly for relatively short periods of 
time, not exceeding one week. The 
time limit is intended to guard against 
possible cumulative effects. A scheme 


for the interpretation of results ob- 
tained with the “screening kit” is given 
in Table 7. 


i 


Use of “Suitcase Kit” 

Where the results of the “screening 
kit” tests question the safety of the 
water, or where it is found necessary 
to treat water for the removal of chem- 
ical warfare agents, the “kit, water 


Use of “Suitcase Kit” in the Field a ; 


testing, poisons, treatment control 
(‘suitcase kit’)” is to be used. This 
kit contains apparatus and chemicals 
needed for the quantitative determina- 
tion of “mustards,” “arsenicals,” pH 
and chlorine demand. The “suitcase 
kit” also contains equipment and re- 
agents for the qualitative determination 
of cyanogen chloride, cyanide, lead, 
thallium, mercury and selenium. With 
the data obtained by means of these 
determinations, it is possible to ascer- 
tain the type and extent of treatment 
needed in order to estimate the feasi- 
bility of treating the water. These 
same quantitative tests must be used 
to determine the potability of the 
treated water. 
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The carrying case of the treatment- 
control kit resembles in size and shape 
an ordinary suitcase. Its approximate 
dimensions are 26 by 16 by 10 in. This 
kit (Fig. 2), fully loaded for use in 
the field, weighs about 60 Ib. and con- 
tains enough reagents for testing 25 
samples of water. The equipment and 
reagents are packed in such a manner 
that the kit is capable of withstanding 
rough field handling without breakage. 
Reagents which are relatively unstable 
in solution are packed dry in weighed 
amounts, ready to be dissolved in the 
appropriate solvents provided in the 
kit when the equipment is first used 
in the field. 

A manual of instructions, giving spe- 
cific directions for the preparation of 
- solutions and the performance of tests, 
is issued with the kit. Briefly, the tests 
involve the following chemical proc- 
esses: 

(1) (a) Mustards are determined 
by the “DB-3” test. This test is a 
- quantitative application of the same 
reaction involved in the qualitative 
mustard test in the “screening kit.” 
_ The use of liquid reagents, the more 
careful control of pH and temperature, 
and the use of acetone for stabilization 
of the color produced, make possible 
the quantitative estimation of mus- 
-tards by the “DB-3” procedure. The 
mustard concentration is determined 
by comparing the color developed in 

the test solution with that of permanent 
color standards on a special war gas 
disk in a color comparator. 

(b) A_ yellow color appearing 
after the addition of “DB-3” reagent 
indicates the presence of cyanogen 
chloride. 

(2) Arsenic is determined by the 
standard molybdenum blue procedure. 
Ammonium persulfate and heat are 
used to break the carbon-arsenic bond 
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and to oxidize the arsenic to the penta- 
valent form. The pentavalent arsenic 
is then made to react with molybdate 
to form a complex ion which, when re- 
duced by hydrazine sulfate, gives the 
solution a blue color. The intensity of 
this color is proportional to the amount 
of arsenic present. The arsenic con- 
centration can then be determined by 
comparing the color of the solution 
with that of the arsenic color standards 
of the war gas disk in the color com- 
parator. 

(3) The quantitative chlorine de- 
mand is determined by adding a known 
volume of standard “Chloramine-T” * 
solution to a given volume of water, 
previously acidified to pH 1, and de- 
termining the free chlorine remaining 
after a 5-minute contact period by iodo- 
metric titration. ‘“Chloramine-T” was 
selected as the chlorinating agent be- 
cause of its stability. The oxidation 
potential of ‘“Chloramine-T” varies 
with pH, the highest potential being 
attained at pH 1. Sulfamic acid is 
used to prevent nitrites from interfer- 
ing with the test. 

(4) The quantitative pH determina- 
tion is made by means of the color 
comparator using a wide-range pH in- 
dicator and a wide-range pH color disk. 

(5) Cyanide, when present in con- 
centrations greater than 5 ppm., gives 
a reddish brown color in an alkaline 
picrate solution. Picric acid and so- 
dium carbonate solutions are the re- 
agents used. Heating in a_ boiling 
water bath is necessary for color pro- 
duction. 


*“Chloramine-T” is a commercial product 
developed by the Monsanto Chemical Corp. 
and distributed through the Abbott Chemical 
Co., Inc.; Heyden Chemical Corp.; Merck & 
Co., Inc.; and E. R. Squibb & Sons. The 
product is usually sold in tablet form, one 
tablet (4.6 grains) in an ounce of water 
yielding a 1 per cent solution, 
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(6) In ammoniacal solution contain- 
ing potassium cyanide and ammonium 
citrate, dithizone gives colored precipi- 
tates with lead and thallium. These 
precipitates are readily soluble in or- 
ganic solvents such as chloroform. If 
a sample of water containing lead or 
thallium is treated with L.T. reagent 
(lead-thallium reagent—an ammoniacal 
solution containing cyanide and citrate 
ions to prevent interference from other 
heavv metals) and then treated with a 
chloroform solution of dithizone, the 
ereen color of the reagent will turn 
pink or reddish in the presence of 1 
ppm. or more of lead or thallium. 

(7) When a solution is acidified with 

& acid and treated with a chloro- 
form solution of dithizone, the green 
color of the reagent turns to an orange- 
ellow in the presence of 1 ppm. or 
of mercury. 
(8) Selenium is detected by acidi- 
fying a sample of water with hydro- 
hloric acid and adding hydrazine sul- 
fate to the solution. The formation of 
p red color or preciptate, after heating 
for 5 minutes in a boiling water bath, 
ndicates the presence of 5 ppm. or 
nore of selenium. 

The criterion used for appraising the 
otability of treated waters, on the 
asis of results obtained by the “suit- 
tase kit” procedures, is that the water 
iust be considered unsafe if it contains 


ore than 2 ppm. of “active mus- 
ards” or an arsenic concentration 
preater than 7 ppm. (expressed as 
\s), or if its chlorine demand is in 
xcess of 5 ppm. or its pH is less than 
In addition, of course, the water 
ust have no chemical odor or taste. 
Vater giving positive results with any 
the qualitative procedures for cy- 
nide, selenium, lead, thallium and 
ercury is also considered unsafe. 
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The relatively high concentrations of 
chemical contaminants tolerated by this 
criterion again presuppose only the 
moderate use of the treated water for 
limited periods of time, not to exceed 
one week. 


Water Treatment 


The object of treating water which 
contains chemical contaminants is to 
make it non-toxic, potable and palat- 
able. This may be accomplished by 
removing the contaminants or by con- 
verting them into less objectionable 
substances through chemical reactions. 
Whenever possible, removal of con- 
taminants is to be preferred, since the 
products of chemical reactions may im- 
part sufficient taste or odor to affect 
the potability of the water. 

The treatment of water for the re- 
moval of chemical contaminants is a 
slow and laborious process which re- 
quires close technical supervision and, 
in most instances, the use of large 
quantities of chemicals for treatment. 
For this reason, it has been emphasized 
time and again that every effort must 
be made to find an uncontaminated 
source for military water supplies in the 
field before attempting the treatment 
of water known to contain toxic sub- 
stances. Since contaminated sources 
of water may have to be used at times, 
however, a number of procedures have 
been studied in an effort to determine 
their applicability and limitations in 
the treatment of waters containing ob- 
jectionable chemical contaminants. 

Hydrolysis 

Hydrolysis plays an important role 
in the decomposition of some of the 
toxic chemical warfare agents in water 
and may even be thought of as a nat- 
ural water purification process for 
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contamination by chemical substances. 
This is true of compounds such as the 
toxic phosgene and diphosgene, which 
react with water very rapidly to form 
hydrochloric acid and carbon dioxide, 
which can usually be neutralized com- 
pletely by the alkalinity in natural wa- 
ters. On the other hand, the arsenical 
blister gases, such as lewisite, methyl- 
dichlorarsine ethyldichlorarsine, 
hydrolyze to their corresponding ox- 
ides, which are toxic and vesicant. 

As already mentioned, sulfur mus- 
tard and the nitrogen mustards are 
rendered non-toxic by reaction with 
water, provided that sufficient time is 
allowed and there is enough alkalinity 
in the water to neutralize the acid 
formed on hydrolysis to allow the re- 
action to proceed to completion. The 
effectiveness of hydrolysis as a puri- 
fication procedure for water contami- 
nated with “mustards,” however, 
seriously affected by the slow solubility 
rate of these substances in quiet water. 
Hydrolysis rates can sometimes be 
accelerated by means of chemical treat- 
ment. For example, the reaction of 
cyanogen chloride with water to pro- 
duce the relatively harmless cyanate 
can be made to proceed much faster 
by proper treatment of the water with 
soda ash or lime. It takes about 4 
ppm. of Na,CO, for 1 ppm. of CNC 
in low alkalinity waters, and, if the 
cyanogen chloride concentration ex- 
ceeds 100 ppm., the treated water is 
not palatable. Other compounds, such 
as hydrocyanic acid, cannot be hydro- 
lyzed readily. 


is 


Sulfoxide of Mustard + Cl, + H,O 
(Toxic) 


(CIC2H4)2S + Cle (CIC2H,4)2SO 2HCl 
Sulfur Mustard + Cl. + H2O Sulfoxide of Mustard + 2HCI 
(Toxic and vesicant ) (Toxic) 
(CIC2H,)2SO + Ch + HO —— > (CIC:H4)2SO: + 2HCI 


‘ATER WORKS ol. 3 


Activated Carbon 

Some of the better water-treatm 
powdered activated carbons have bee 
found highly satisfactory for the re 
moval of odors, tastes, unhydrolyze 
nitrogen mustards, lewisite and re 
lated arsenicals, sulfur mustard an 
thiodiglycol. To a lesser extent, the 
are also capable of removing parth 
hydrolyzed nitrogen mustards. Fy 
this reason, these activated carbon 
have been accepted as the essentis 
materials for treatment of water con 
taminated with chemical warfare agents 
The doses required are about 20 ppn 
of carbon for 1 ppm. of lewisite, sulfy 
mustard or thiodiglycol, and 60 ppm 
for 1 ppm. of partly hydrolyzed nitr 
gen mustards. 

The usual contact period given fy 
adsorption of the contaminants }; 
powdered carbon is about 30 minute 
The suspension of contaminated car 
bon is then removed by coagulation 
sedimentation and filtration. Amm 
nium alum is used as the coagulant, thy 
doses required being from 120 to 17! 
ppm. When required, enough 
ash is used to produce a satisfacton 
alum floc. 

Activated carbon is not effective fc 
the removal of the blood and nerw 
poisons, hydrocyanic acid and cyanogej 
chloride. 
Chlorination 


Chlorination of military water sw 
plies is always required. When watt 
containing blister gases is chlorinate| 
however, the following reactions occu 


Sulfone of Mustard + 2HCI 
(Toxic and stable) 
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It is apparent, then, that the chlorina- 
tion of water containing unhydrolyzed 
sulfur mustard produces toxic and 
stable compounds. 

The non-toxic thiodiglycol (which is 
the product of hydrolysis of sulfur 
mustard) forms the harmless thiodi- 
glycol sulfoxide and sulfone very much 
in the manner that the corresponding 
compounds of sulfur mustard are 
formed. Thus, there is no harm in 
chlorinating water containing only thio- 
Since unhydrolyzed mustard 


Oc 


diglyc« 


2CNCI + 3HOCI + 
2(Cyanogen Chloride) + 3HOCI + HO 


may also be present in water contain- 
ing thiodiglycol, however, the proce- 
dure is dangerous. Besides, this reac- 
tion consumes about 1 ppm. of chlorine 
for a like amount of thiodiglycol ; and, 
since the chlorine uptake of thiodigly- 
col is slow, a false sense of security 
may be gained from apparently ade- 
quate chlorine residuals. 

Lewisite is present in solution as 
lewisite oxide. This compound reacts 
rapidly and quantitatively with chlo- 
rine to form chlorovinylarsonic acid, a 
substance much less toxic than lewisite 
oxide, as shown in the following equa- 
tion : 

(Rapid ) 
CIHC:CHAsO + Cly + 2H:O 
Lewisite Oxide + Cl. + 2H,O 
(Toxic and vesicant) 


For" 
aid 


Methyl, ethyl and phenyldichloroar- 
sine are similarly oxidized to the cor- 
responding acids by treatment with 
chlorine. 

Although lewisite and its oxide are 
very readily removed from solution by 
activated carbon, the chlorovinylarsonic 
acid, formed by chlorination, is very 
dificult to remove by carbon treat- 
ment. The chlorine uptake of lewisite 
is about 0.3 ppm. of chlorine for 1 
ppm. of lewisite. 


——— CIHC:CHAsO;H; + 


WARFARE. 


The extent of reaction of the nitro- 
gen mustards with chlorine is negligible 
in the concentrations in which this dis- — 
infectant is used for the treatment of | 
field water supplies. 7 

From the preceding discussion, it 
must be concluded that when blister — 
gases are present in water, they must _ 
be removed by carbon treatment be-- 
fore the water is chlorinated. 

At pH values between 7 and 8, 
cyanogen chloride reacts with hypo- 
chlorite as follows: 


SHCI + 2CO2 + Ne 
S5HCI + 2COz + Ne 


The chlorination products of cyanogen — 
chloride are thus seen to be harmless — 
substances. This reaction, however, is 
somewhat slow. One ppm. of cyano- © 
gen chloride takes up 1.8 ppm. of chlo- | 
rine. 

Chlorine reacts rapidly with hydro- — 
cyanic acid to form cyanogen chloride. 
It takes 2.7 ppm. chlorine to react with 
1 ppm. of hydrocyanic acid. As indi- 
cated above, the cyanogen chloride © 
formed by chlorination of the acid can— 
be made to react with more chlorine 
to form harmless hydrolysis products. 

In practice, chlorination alone was 
not found satisfactory for the treat- 


Chlorovinylarsonic Acid + 2HCI 
(Much less toxic than lewisite oxide) 


ment of water contaminated with hy-— 
drocyanic acid or cyanogen chloride — 
because of the large amounts of chlo-_ 
rine required to treat water contami-_ 
nated with harassing or toxic concen-_ 
trations of these agents and the ob- 
jectionable taste of the treated water. 


Aeration 


The high vapor pressures of hydro-— 
cyanic acid and cyanogen chloride at 
ordinary temperatures suggest the pos- 
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sibility of utilizing aeration as a prac- 
tical field procedure to remove these 


two non-persistent agents from water. 
Vigorous aeration, either by spray- 


ing water into the air or by blowing 


air into the water; is an_ effective 
method for the removal of cyanogen 
chloride and produces a safe water free 


from objectionable taste and odor. 


Aeration alone is not too effective for 


the removal of moderate concentra- 


tions of hydrocyanic acid from water. 


_ Since the acid is readily converted into 


cyanogen chloride by chlorination, how- 


ever, a combination chlorine-aeration 
treatment can be used for its elimina- 


tion from water. As stated above, 2.7 


_ ppm. of chlorine is required to convert 


1 ppm. of hydrocyanic acid to cyanogen 


chloride. A 60-minute period of vig- 
orous aeration is effective in removing 


the cyanogen chloride formed by chlo- 


-rination of hydrocyanic acid. 


The 


treated water is safe and palatable. 


Distillation 


Distillation by means of the standard 
Army continuous feed, thermocom- 


 pression-type distillation units is ef- 
fective in removing sulfur mustard, 


- nitrogen mustard and lewisite from 


water. 
-non-potable, due to their objectionable 


The distillates, however, are 


- odors, and must, therefore, be treated 


powdered activated carbon. 
carbon doses required for the removal 
_of these distillate odors are about } of 


The 


those required to remove the original 
concentration of “arsenical” blister 
gases and sulfur mustard in the raw 
water, and about 7s of the amount of 
carbon required to remove the partly 
hydrolyzed nitrogen mustard by direct 
carbon treatment. 

Continuous feed distillation is not 
effective for the removal of cyanogen 
chloride and hydrocyanic acid from 
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water. From 70 to 8&5 per cent of the 
agent of cyanogen chloride contamina- 
tion, however, is hydrolyzed in the still 
when the feed water is pre-treated with 
sufficient soda ash to raise its pH toa 
value between 9 and 10. 


Boiling 

Although boiling is an impractical 
treatment procedure when large vol- 
umes of water are involved, it may, 
nevertheless, be the only possible ex- 
pedient for individuals or small groups 
under certain circumstances. 

In alkaline waters, boiling acceler- 
ates the hydrolysis of the blister gases, 
This effect, however, is helpful only 
with the nitrogen mustards since, as 
previously mentioned, the other blister 
gases hydrolyze very rapidly at ordi- 
nary temperatures ; and hydrolysis does 
not decrease the toxicity of the “‘arseni- 
cal” blister gases. 

Vigorous boiling for 5 minutes in 
open containers is effective in remov- 
ing cyanogen chloride (CNCI1) from 
water. It is possible that the concen- 
tration of contamination with hydro- 
cyanic acid (HCN), may be reduced 
to an acceptable level by boiling the 
water in open containers, provided that 
about one-fourth of the original vol- 
ume of water is evaporated. This 
method, however, is not effective for 
the removal of alkali cyanides, nor for 
the removal of hydrocyanic acid in con- 
centrations over 200 ppm. in high al- 
kalinity waters. 


Coagulation, Settling and Filtration 


This procedure is effective for the 
removal of substances in suspension 
such as the products of combustion of 
incendiaries, screening smokes, vomit- 
ing gases and droplets of the blister 
gases. When alum is used as the co 
agulant, the procedure, by itself, is 
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TABLE 8 yo 


Relative Effectiveness of Procedures for Removal of Chemical Agents From Water 


Nitrogen 
Mustards 
| 
| 
Hydrolysis 
Low Alkalinity Water 4 3" 3* | 4 4 
High Alkalinity Water 4 | | 4 | 4 
Activated Carbon (With Coagulation, | | 
Settling and Filtration) 1 1 1 3 4 | 4 4 1 
Chlorination 4 = 4 4 4 
Aeration 4 4 4 4 4 1 1 2 4 : 
Chlorination-Aeration 4 4 | 4 1 1 
Continuous Distillation (With Carbon 
Treatment of Distillate) 
Low Alkalinity Water 1 1 1 2 3 4 1 
High Alkalinity Water 1 | 1 | 1 1 2 3 1 
Boiling 
Low Alkalinity Water 1 1 2 4 
Coagulation, Settling and Filtration + “4 | | | 4 + 4 | 1 


* Conversion to less toxic substances 


ineffective for the treatment of water 
containing blister gases or blood and 
nerve poisons in solution. Under care- 
fully controlled conditions, coagulation 
with ferric sulfate has proved satis- 
factory for the removal of arsenates 
from water. This procedure, however, 
is of little practical value because of 
the difficulty of liberating arsenic from 
the organic “arsenicals.” 

The relative effectiveness of the pro- 
cedures discussed in the preceding par- 
agraphs for the treatment of water con- 


Legend: 1—Very good results; 2—Good results; 3—Fair results; 4—Poor 


taminated with chemical warfare agents 
is shown in Table 8. 


Newer Chemical Warfare Agents 


In this presentation of water con- 
tamination problems, discussion has 
been limited to the better known of 
the chemical contaminants even though 
there are a few new chemical warfare 
agents, of the “blood and nerve poi- 
sons” type, which appear to have un- 
usual possibilities. With the exception 
of a group of fluorine-containing com- 


results. 
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pounds, these newer members of the 
“blood and nerve poisons” group are 
readily detected and detoxified by the 
methods of analysis and treatment al- 
ready described, or by simple modifica- 
tions of these methods. 
Special analytical procedures and an 
auxiliary water testing kit have been 
developed at the Water Chemistry Lab- 
oratories, Medical Div., Chemical War- 
fare Service, Edgewood Arsenal, Md., 
for the detection of fluoro-organic com- 
pounds in water. Reagents and equip- 
ment have been provided for two dis- 
tinct procedures. One of these, re- 
ferred to as the “spot test,” is a rapid 
and simple procedure intended for 
screening. The other procedure, known 

as the “burner method,” is to ke used 
on waters for which the “spot test’ is 
not applicable (alkalinity over 500 ppm. 


é 
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or fluoride content over 3 ppm.) and 
for occasional confirmatory checks, 
The essential steps in these procedures 
are the liberation of the fluorine from 
organic combination and the colori- 
metric detection of the released fluoride. 


Summary 


Adequate means for the detection of 
chemical contaminants, an understand- 
ing of the properties and behavior of 
these contaminants in water, and a 
knowledge of their oral toxicities, are 
essential in warfare. Proper appraisal 
must be made of the danger involved 
in the utilization of water sources con- 


taminated with chemical substances, 
and there must be rational selection 
and control of methods of treatment 


when circumstances require the utiliza- 
tion of chemically contaminated waters, 
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Purchase and Maintenance of Deep-Well Pumps 


HE Southern California Water Co. 

has 107 turbine pumps in opera- 
tion and purchases an average of 10 
complete units each year. These pumps 
are located in 29 operating districts. 
Geographically, the districts are scat- 
tered from the vicinity of Sacramento 
to the Imperial Valley. They operate 
under climatic conditions ranging from 
the hot, dry desert to the snow-clad 
San Bernardino mountains. The wells 
in which the pumps operate are located 
at elevations varying from sea level to 
more than 7,000 ft.; the motors driving 
them vary in size from 7} to 150 hp., 
and the capacity range is from about 
100 to more than 2,200 gpm. In direct 
lift of water from the well, the variation 
is from just a few feet to more than 
500 ft. below the surface. 

The wide range of pumping condi- 
tions provides opportunities to shift 
pumps from one location to another, 
thereby practically eliminating the fac- 
tor of obsolescence. A pump can al- 
ways be installed in a well or system 
where it will operate to best advantage. 
With specifications standardized, it is 
possible to make these transfers even 
though there is considerable variation 
in character and quality of the water 
being pumped. 


Wells and Water Quality 


Wells drilled in Southern California 
are of two types: the California cable 
tool and the rotary gravel envelope. 
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By L. J. Alexander 

Design Engr., Southern California Water Co., Los Angeles, Calif. 
Presented on May 9, 1946, at the Annual Conference, St. Louis, Mo. — ; 


o 


The cable tool method was developed 
in the early days of well drilling in 
Southern California because of the 
character of the geological formations 
into which wells must be drilled. These 
are all unconsolidated formations of the 
Recent, Pleistocene and Pliocene geo- 
logic epochs. The unconsolidation is 
such that open-hole drilling is impos- 
sible; the well casing must follow the 
drill. After the well is drilled, the 
casing, which is then in place, is per- 
forated opposite water-bearing forma- 
tions. 

Rotary gravel envelope wells have 
pre-perforated casings set in the drilled 
and well-mudded hole. Gravel is then 
placed between the casing and the wall 
of the drilled hole. 

The Southern California Water Co. 
has wells of both types, with depths 
ranging from less than 200 ft. to more 
than 1,900 ft. The unconsolidated for- 
mations in which these wells are drilled 
are so unstable that, regardless of the 
type of well, it is often impossible to 
keep out fine sand or silt. Even after 
very careful development of the well, 
it is occasionally necessary to resort to 
the use of a column check valve in the 
construction of a pump. In doing this 
a column check valve is installed im- 
mediately above the pump bowls to 
prevent water from draining out of the 
pump, with a consequent reversal of 
the flow ¢rom the well into the forma- 
tion. 


ics 
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TABLE 1 
Analysis of Water 
| 
| | Garvey Avalon | Colden | Pacific 

Sodium 37.7| 19.6 | 37861 322| 495 | 57.3 | 637 
Calcium oe,% 37.6 10.0 57.5 | 69.6 | 106.8 | 105.2 
Magnesium 6.7 2.5 1031 134 42.7 
Sulfate (SOx) 7.2 | 18.2 | 3.8 44.1 91.2 | 197.3 179.0 
Chlorine 12.0 | 20.0 | 198.0) 291 | 33.0 | 53.5 | 82.0 
HCO, 201.3 | 164.7 | 699.0 | 207.3 | 231.7 | 244.0 | 335.5 
Total Solids 321.8 | 284.5 | 1319.9 | 392.9 492.4 | 698.4 | 839.1 
Carbonate Hardness 3.0 107.5 135.0 35.0 | 170.0 | 195.0 200.0 275.0 
Other Hardness — = 5.0 | — | me 34.0 | 156.5 162.0 
Total Hardness 3.0 107.5 140.0 35.0 | 186.5 | 229.0 | 356.5 | 437.0 


Sand within the water passages of 
the pump literally blasts away metal of 
bowls, impellers, shaft, casing and tub- 
ing. Experience has shown that bronze 
withstands this sand cutting better than 
any other metal. Porcelain-enameled 
cast-iron impellers have been tried, as 
porcelain is harder than sand and, thus, 
might be expected to withstand the 
abrasion; but sand cuts into the cast 
iron where the enamel has been ma- 
chined off, and cavities develop between 
the porcelain and iron. It is only a 
matter of time until the porcelain spalls, 
due to corrosion of the iron. 

Because many of these formations 
from which water is extracted were 
laid down under water, there are large 
areas where gases such as methane, 
carbon dioxide or hydrogen sulfide are 
entrained. These gases (or air from 
water falling from perforations above 
pumping water level) cause turbulence 
in the pump, and, in turn, excessive 
corrosion. Bronze and stainless steel 
withstand such corrosion better than 
iron or steel. In the pump column, at 
the top of the bowls, a short section 
of bronze tube will often withstand the 
corrosion caused by turbulence. 

The well waters pumped represent 
a wide range in chemical characteris- 


tics. Hardness varies from just a few 
to more than 500 ppm.; the pH is be- 
tween about 7.3 and 8.0. Total solids 
vary from less than 100 ppm. to a 
maximum of 1,500 ppm. In several 
wells, free carbon dioxide appears and, 
in a large number, free hydrogen sul- 
fide. Some waters have no trace of 
either iron or manganese; others have 
as high as 2 ppm. iron and 1 ppm, 
manganese. Table 1 shows this wide 
range of chemical character in the water 
produced. It has not been possible to 
relate corrosion rates directly to the 
acid radicals contained in natural 
waters. 

The most troublesome conditions un- 
der which pumps operate exist in those 
wells in which the waters have been 
highly contaminated with the iron and 
sulfur group of slime-forming organ- 
isms, and contain as much as 2 ppm. 
iron and 1 ppm. manganese and have 
a high concentration of free hydrogen 
sulfide. Such waters are devoid of 
dissolved oxygen, but the slime-form- 
ing organisms are anaerobic. Slime 
coatings of considerable thickness will 
form even on highly polished rotating 
parts, such as the impellers. As the 
slime increases in thickness, the water 
passage space is reduced in area; and 
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the efficiency of the unit reduced. Oc- 
casionally graphitic corrosion takes 
place to an alarming degree where 
these slime-forming organisms are pres- 
ent. Bronze parts are the least af- 
fected by the slime formers. ey 
Corrosion ; 

Corrosion of turbine pumps results 
from several causes: chemically corro- 
sive waters, entrained gases, bacteria 
and differences in electric potential be- 
tween parts of the unit. How each 
factor operates or affects the other is 
not known, but it is obvious that cor- 
rosion does occur and that preventive 
measures are necessary. 

In extreme corrosion, whatever the 
cause, the best preventive measures 
are to use a stainless steel shaft, bronze 
bowls and impellers in the bowl as- 
sembly, a 5-ft. section of bronze oil 
tube, a stainless steel line shaft from 
bowls to static water level, with a coat- 
ing of coal-tar enamel outside the oil 
tube and inside and outside the educ- 
tion pipe. 

To check corrosive waters, the Win- 
troath Pump Co. has demonstrated that 
the better the grade of metal, the more 
resistant it is to corrosion. Many 
pump manufacturers, for their standard 
sales product, use an ordinary run of 
foundry gray iron. The Wintroath 
analysis shows a rather high electric 
potential between ordinary gray iron, 
bronze and stainless steel, which seems 
to be additional proof of what practice 
has long demonstrated: that the finer 
the metallurgy, the better the com- 
pleted product. 

Speed of rotation is another factor. 
It seems that the higher the speed, the 
greater the rate of corrosion. The 
author has found no satisfactory ex- 
planation of this correlation, and can- 
not determine whether it is due to 


corrosion alone, or partly to the turbu- 
lence caused by high velocity. 

No attempt has been made to weigh 
individual parts of the pump to deter- 
mine the extent of corrosion or wear 
in terms of the percentage of metal lost. 
Such an analysis in turbine pumps has 
little practical value because corrosion 
and wear never take place uniformly. 
A section of pump casing may lose less 
than 1 per cent by weight and still be 
unsafe because the casing is pitted. If 
pitting is allowed to continue, holes 
will cut through the casing and, under 
the high head of water in the pump 
column, act as nozzles. Wells have 
been damaged by such holes drilled 
through the well casing, and the loss 
of water through holes causes appre- 
ciable loss in pump efficiency. Corro- 
sion and pitting at or near threads of 
the casing so weakens the pipe that 
failure can occur at a joint. When this 
occurs, the entire weight load of the 
pump and the hydrostatic thrust of 
water load are transmitted to the motor 
bearing and the rotating impellers. 
Such loads will wreck the entire unit. 

In the pump bowls, a fraction of one 
per cent loss in weight, if in certain 
places, may be serious. On the other 
hand, if corrosion or sand cutting is 
uniform throughout, a 15 or 20 per 
cent loss in weight may not be serious. 

Corrosion of the tubing may permit 
water under high head to enter the 
peripheral space between the tubing 
and the rotating pump shaft. Water 
will then shortly find its way out 
through the top of the tubing. When 
this occurs, the motor windings are 
often sprayed with water, resulting in 
a burned-out motor. Of less serious 
consequence, but equally troublesome, 
is the resulting corrosion of the line 
shafting. The company’s specifications 
do not permit a packing gland at the 
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top of the tubing, because a packing 
_ gland prevents the appearance of oil 
- and water at the pump head. When 
even a very small hole appears in the 
tubing it can be detected quickly and 
immediately repaired. 

Very slight wear in the motor bear- 
ings, even a fraction of one per cent, 
_may change the position of the impel- 
lers in the bowls, and cause them to 
wear excessively. The efficiency of the 
unit is lowered almost immediately, even 
before serious wear occurs. Excessive 
wear in motor bearings also causes 
misalignment of bearing housings. Oui] 
is thrown out of the housing and, in a 
very short time, saturates the motor 
windings so thoroughly that nothing 
short of rewinding the motor will 
save it. 

No mathematical relationship or for- 


- mula can be developed or deduced to 


- replace experience and visual inspec- 
tion in the choice and extent of repairs 
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and replacements to parts of the pump, 
when it is pulled for overhaul, 


Variation in Demand 


The variation of consumer demand 
in arid countries is great. A\ll living 
things require water regularly, but in 
Southern California nature provides 
water only in the winter rainy season, 
Irrigation is therefore necessary. Do- 
mestic water service must provide for 
irrigation of lawns, shrubs and flower 
gardens, as well as for industrial and 
household consumption. 

Figure 1 shows the Southern Cali- 
fornia Water Co. monthly production 
compared to the average month (taken 
as 100 per cent). Together with the 
3-year average for the 29 systems, the 
maximum months for several of the 
smaller systems are also shown. It 
appears that the smaller the system, 
the greater the peak demand. The 
average day of the maximum month 
averages nearly 140 per cent of the 
yearly average day; but the average 
day varies widely in the various sys- 
tems. 


1945 is shown in Table 2. This table 
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946 DEEP-WELL PUMPS 


in hourly demand. 


maximum day. 


mary 


On 


also shows the relationship of the maxi- 
imum day to the average day. 

There is an even greater variation 
Figure 2 shows the 
average variation for each hour of the 
The broken line rep- 


resents the average of three consecu- 
tive maximum days 
system in 1942, 

These curves all show the necessity 
ior a large available capacity in pri- 
pumping equipment. 


in the Lennox 


the 


System Demands 
doe | No. of Gals. per } Max. Day, 
System County Customers * Customer * Per Cent of 
: 3/13/46 1945 Avg. Day, 1945 
\rtesia Los Angeles 547 423 199 
Barstowt | San Bernardino 876 822 191 
Bear Valley | San Bernardino 655 202 386 
Bloomington awe | San Bernardino 376 394 193 ‘ 
Calipatriat | Imperial 290 1621 - 
Niland ea Imperial 125 
Bell | Los Angeles 2,549 460 
Florence-Gr: Angeles 5,986 695 
Cardena | Los Angeles 4,048 432 
Lawndale Los Angeles 2,747 378 
Lennox Los Angeles 4,569 370 
Normandie Los Angeles 1,650 324 
So. Los Angeles | Los Angeles 7,905 359 
Claremont ' Los Angeles 1,185 707 
Cypress Orange 126 386 
Highland San Bernardino 603 388 
Hollydale Los Angeles 1,451 404 
Huntington Beach Orange 1,549 694 
Oak Park Sacramento 1,104 497 
Ojai Ventura 591 478 
Olive Orange 176 335 
Placentia§ Orange 623 311 
\twood Orange - —~ 
Sunland- Tujunga Los Angeles 3,359 432 
Venice-Culver City Los Angeles 14,978 515 
Walnut Grove]! Los Angeles 62 - 
Wilmar Los Angeles 3,062 325 
Los Alamitos Orange 215 527 
Stanton Orange 209 229 


* An average of 4 consumers is served by each customer's service connection. 
t Industrial use eliminated. 
t Unmetered supply; consumption determined from several tests. 
§ Part of supply unmetered. 
|| New system averages not established. 


other hand, they show that, for large 
portions of the year, much of the equip- 
ment must remain idle. Experience 
has demonstrated that idle equipment 
deteriorates nearly as rapidly as op- 
erating equipment. The causes may be 
different, but replacements are just as 
costly. To overcome this problem par- 
tially, all equipment is operated at least 
once a week. 

Weekly operation keeps the well in 
good order, dries out the motor wind- 
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ings, prevents “freezing” of bearings— 
particularly in the line shaft—tends to 
reduce the accumulation of slime 
growths and assures the operators that 
the equipment is in good order. This 
last is important because all equipment 
must “cut in” quickly and automatically 
in case of fire. 


Planned Operation 


Although all equipment is automatic, 
the time each unit operates can be pre- 
determined. The general plan of op- 
eration to assure an adequate depend- 
able primary supply is laid out in the 
engineering department. This plan is 
based on a study of the distribution 
pipe system and the location of the 
various pumping plants. ' Elevated 
storage is always considered as a bal- 
ance against the maximum hour, and 
it is also desirable to consider it as a 
safety factor. Each plant is automatic, 
operation being controlled by pressures 
within the adjacent distribution sys- 
tem. Other factors entering into the 
setting of these controlling pressure 
ranges are: the quality of water pro- 
duced at the plant, the efficiency of 
equipment, variations in demand, the 
needs of fire protection and the man- 
power available to operate the equip- 
ment. 

The carrying out of these planned 
operations is under the direction of 
i the construction engineer, who has 
_ charge of all field work on new con- 

struction, as well as maintenance, re- 
- pair, replacement and operation. The 
district superintendents, of course, are 
“on the ground” and carry out most 
— of the details of the operation of pump- 
ing plants. 


To check the overall engineering 


et periodic pressure surveys are 
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this insurance lies in the fact that th 
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made. Complaints of poor water sery.{ to 
ice are also checked against planned§ in; 
operation. The operation policy is tof ne 
render an adequate and dependable§ ab! 
water supply to all consumers at allf tio 
times. During the war years, this hasf is’ 
at times been difficult, but, with a little} of 
more time and the delivery of some] the 
needed materials, the policy will agaip 
be maintained. Ma 

All the factors involved in such I 
operation make necessary continuow§ and 
checks on equipment. In doing this in « 
three principal checks are made regu. the 
larly on all operating equipment. yea 

The first check is made in the statis.§ tual 
tical branch of the engineering depart-§ eacl 
ment. All field pumping records aref the 
assembled and checked in the office polit 
the performance of each pumping plantf and 
is checked each month. A computationf T 
is made of the power in kilowatt hour gran 
consumed in pumping 100 cu.ft. off the 
water (the company’s unit of water} Exp 
measurement). This figure is bal-f can 
anced against the pumping water level for « 
in the well to determine the power, inf = 77 
kilowatt hours, required to raise 100] pumy 
cu.ft. of water 100 it. conta 

The second check is the reading off or it 
power and water meters by the fieldf by hy 
operator on his daily rounds. prodt 

The third check immediately follows} the p 
any variation in the consumption off condi 
power per 100 cu.ft. of water proj very 
duced. This is the field check by enf haul 
gineers of the construction departmenf 7/1 
of the efficiency of all the pumpingl “bad 
units at the plant. beyon 

Wear or corrosion is immediatehf the n 
evident from one or all of these checks} have | 
During the war, when materials wer units 
difficult to obtain, these checks becamef "0d, « 
very important; they were the insur Fou 
ance against failure of the primang ating 
supply of water. The importance of Under 
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total number of customers served dur- 
ing the last five years has increased 
nearly 10 per cent, whereas the avail- 
able capacity of turbine pump produc- 
tion has decreased slightly. The result 
is that on maximum days every piece 
of equipment is in operation to meet 
the maximum hour. 


Maintenance Program 


Both the construction department 
and the engineering department work 
in close co-ordination on all phases of 
the company’s operations. Seventeen 
years of co-operation has built up mu- 
tual understanding of the problems of 
each department. The result has been 
the adoption of certain theories and 
policies regarding design, maintenance 
and repair and operation. 

The turbine pump maintenance pro- 
gram attempts to keep equipment in 
the best operating condition possible. 
Experience has shown that this policy 
can be carried out by pulling pumps 
for overhaul every 2, 3, 4 or 5 years. 

Two-year schedule. Where the 
pumps are operating in “bad water,” 
containing iron and sulfur organisms, 
or iron and manganese accompanied 
by hydrogen sulfide, or in wells which 
produce large quantities of sand, with 
the pumps operating under heavy-duty 
conditions—that is, for long hours 
every day in the year—a 2-year over- 
haul interval is scheduled. 

Three-year schedule. No pump in 
“bad water” is permitted to operate 
beyond a 3-year period, regardless of 
the number of hours which it may 
have operated. Normally, heavy-duty 
units are overhauled on a 3-year pe- 
riod, even in good quality waters. 

Four-year schedule. Pumps oper- 
ating under relatively light duty and 
under “fair” water quality conditions 


are overhauled every 4 years. — 
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Five-year schedule. Regardless of 
the characteristics of the water or the bo 
conditions of pump operation, no pump — 
is permitted to run more than 5 years _ 
without an overhaul. 


Extent of Repair and Replacement 


When pumps are pulled from the — 
well they are completely disassembled ye 
in the field or in the pump company’s © 
shop. Each part is subject to inspec- 
tion by a trained engineer. 

Generally, the inspections reveal the — 
need for the following repairs: a 
Bowls 

The top bottom bearings or 


bushings are replaced. The replace- — 
ment of main bearing housings or cast- 
ings, however, is seldom needed. New. 
wear and seal rings are nearly always | 
installed, on both intermediate bowl | 
castings and impellers. Intermediate _ 
bowl castings are replaced when not 
sufficient metal remains to permit ma- _ 
chining for the installation of new 
rings or when excessive corrosion or | 
sand cutting is apparent; and impellers 
are replaced for the same reasons. A _ 
new stainless steel pump shaft is in- 
stalled only if injured in disassambly 

or when there is a change in basic 
bowl design. 


Column 


The most serious pump column re- 
placement problem occurs with that 
portion of the column immediately 
above the pump bowls. This section - 
is subject to more corrosion, sand cut-— 
ting and wear of all sorts than any 
other, probably as a result of some | 
turbulence in the water as it leaves 
the bowls. The first joint of casing 
above the bowls generally needs re- 
placing or “pup jointing,” that is the 
replacement of a portion of the casing __ 
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with new pipe. Pup jointing is accom- 
plished by cutting off the corroded 
section and using a pipe coupling to 
install a short piece of pipe that makes 
up the required length. The oil tubing 
often shows results of corrosion both 
inside and outside, between the static 
and pumping water levels. This oc- 
curs because water alternately will rise 
within the oil tube to the static water 
level of the well and drain out to the 
pumping water level during operation. 
The line shaft also becomes corroded 
within this range and must be turned 
end for end and reground at the bear- 
ing points on each overhaul. Often 
individual pieces of shaft can be shifted 
within the assembly to overcome wear 
or corrosion. The line shaft bearings 
or tubing couplings are all sized, and 
are replaced if they show wear of 
0.012 in. 


Motors 

For each overhaul, motors are taken 
to the company’s electric shop, where 
they are cleaned, reinsulated, and have 
their bearings checked, so that the 
motor goes back as nearly as possible 
in perfect condition. 


rs’ Service 
Manufacture e 


Even under emergency conditions, 
working around the clock, it requires 
two or three days to pull, tear down, 


‘ia 
found. 


Choice of Pump 
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inspect, repair and reinstall a deep- 
well turbine pump. Failures of pump- 
ing equipment occurring on peak days 
or even peak months can be serious, 
It is the general practice in designing 
water supplies utilizing ground-water 
reservoirs to have primary capacity to 
meet at least the maximum day. Max- 
imum hours can be taken care of by 
elevated storage. 

During the war, it was nearly im- 
possible to obtain sufficient materials 
to keep production facilities ahead of 
demand. It seems even more difficult 
now. The rate of population growth 
in Southern California is greater than 
ever before. It is, therefore, highly 
important to keep equipment in_ the 
hest possible condition. 

Emergencies, however, do occur. It 
is then necessary to move, and to move 
quickly. The company has always re- 
quired that repairs be made by the man- 
ufacturer. Consequently, deep-well 
pumping equipment is purchased only 
from those manufacturers who are 
prepared to render immediate service 
Only three manufacturers who can 
meet this specification have yet been 
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As is true in any arid country, South- 
ern California has cycles of rainfall. 
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These cycles recur from season to sea- 
son and from year to year. The result 
is that the underground storage, as re- 
flected in static water levels, varies 
both seasonally and by cycles of years. 
The season-to-season cycle indicates a 
range—often as much as 50 ft-—from 
a high in February and March to a low 
in September and October. These 
general conditions are illustrated in 
Fig. 3, which shows the variation in 
static water levels for a 10-year period 
on one company well. 

Various water-bearing formations, 
whether Recent, Pleistocene or Plio- 
cene, show different productivities. 
This productivity can be rated as the 
production volume in gallons per min- 
ute per foot of drawdown, and is the 
slope of Curve A, Fig. 4. The most 
economical production is always on 
the straight line portion of the curve, 
a short distance before the accelerated 
downward slope begins. No pump is 
ever chosen with a capacity greater 
than the most economical production 
of the well, as this factor seldom co- 
incides with the maximum efficiency of 
the pump. Figure 4 shows the design 
conditions of a recent well. The well 
was completed in the high static water 
level period and drawdown Curve A 
was obtained from test. Curves B, the 
average static water level, and C, the 
low static water level, have been esti- 
mated from experience. Curves D and 
E are those submitted by two manu- 
facturers for head capacity perform- 
ance of a turbine. Curves D-1 and 
E-1 are the efficiency curves (ratio of 
power input at the meter to theoretical 
power required) and include all losses 
incurred in the motor, line shaft and 
bowls, and within the pump by water 
friction. Both performance curves 
were submitted by pump manufactur- 


ers to meet the design point. 
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Fic. 4. Design Conditions for a Well 


It is interesting to note that turbine 
pumps are sold and purchased to meet 
one design point. This practice, pro- 
moted by the California Pump Assn., 
has been followed for years. The as- 
sociation has set certain standards of 
manufacture and fabrication and, for 
the sake of uniformity, a pump with a 
given head capacity and a given col- 
umn length will be sold by all manu- 
facturers at nearly the same price. 
Price, therefore, is not the controlling 
factor. 

Even though its efficiency was less 
at the design point, pump D was chosen 
for the well because: (1) Pump E, at 
high water level, would operate below 
the range of most economical produc- 
tion; (2) the head capacity curve of 
D more nearly follows the range of 
the most economical production; and 
(3) Pump D produces more water 
when it is needed in summer low-water 
period. 

A new condition has recently been 
imposed and influences the final choice 
of the bowl assembly. The Southern 
California Edison Co., whch is now 
producing a 50-cycle alternating cur- 
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rent, proposes to change to 60-cycles. 
This change will require the complete 
redesigning of bowls in a large num- 
ber of turbine pumps, and to meet it, 
all pumps that will be purchased here- 
after must be designed to operate on 
60 cycles, but with enough additional 
stages in the pump bowls to operate 
temporarily on 50 cycles. This will 
_ provide for a minimum of changes in 
the pump and prepare for making the 
change with all possible speed. 
The company purchases the com- 
plete unit installed in the well and 
ready to operate when electrical and 
pipe connections are made. The re- 
spe msibility for individual parts of the 
units rests entirely with the one manu- 
facturer, who is required to guarantee 
not only the pump but the motor he 
furnishes with it. The efficiency test 
following the purchase is for over-all 
efficiency of the complete unit. 
Specifications 
438i 
The standard specifications provide 
for the majority of operating condi- 
tions, although special conditions, al- 
ready mentioned, at times require re- 
vision of the standards. Generally, 
the specifications are as follows: 


Bowls 

All bowl castings, including top and 
bottom bearing housings, shall be of 
the best grade iron used by the manu- 
facturer. The impellers shall be of 
bronze containing 85-88 per cent cop- 
per, 5 5-10 per cent tin and 2-5 per cent 
zinc, and may have 5 per cent lead if 
the same bronze is used for both im- 
pellers and line-shaft bearings. They 
shall be machined so that no rough sur- 
faces are in contact with the water. 
The pump shaft shall be of stainless 


steel. The suction shall be 10 ft. of 
standard pipe witha standard ° ‘Greene” 
strainer. 
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Pump Column Assembly | 


The line shaft shall be of cold-rolled 
steel with surfaces polished and shall 
be in 10-ft. lengths joined with cou- 
plings to permit butting of the shaft 
within the coupling. The oil tubing 
shall be in 5-ft. lengths joined with 
bronze guide bearings to provide a 
bearing at 5 ft. intervals on the line 
shaft. The eduction pipe shall be of 
standard weight pipe, joined in 10-ft. 
lengths. Spider guides shall be in- 
stalled within the column at the points 
indicated on the well survey diagram, 


Design Point 

A performance curve of the proposed 
pump shall be submitted, indicating the 
performance of the pump from shut-off 
to its point of cavitation and showing 
the over-all efficiency curve. This ef- 
ficiency curve shall show the guaran- 
teed field performance of the pump as 
installed, and shall be computed by 
relating the power of input to the unit 
to the theoretical water horsepower. 


Pump Head 


The pump head shall be the heaviest 
casting constructed by the manufac- 
turer to receive the motor required for 
the pump, have a discharge nipple of 
the same diameter as the pump column, 
and be at least 2 ft. long. 


Motor 


The motor shall be of such size that 
at no point on the performance curve 
will the rated horsepower of the motor 
be exceeded. The motor shall be a 
440-v., 50-cycle, 3-phase, vertical, hol- 
low-shaft motor. It shall be designed 


to receive an adequate thrust bearing. 
Manufacturers’ Specifications 


The manufacturer shall submit com- 
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show the sizes of various parts of the 
column and the number of stages in 
the bowls. The speed of operation of 
the motor shall also be given, as well 
s the name of its maker. 

name OF Its 


Corrosion experiences with deep well 
turbine pumps may or may not be con- 
sidered serious, depending on the local 
physical conditions and the mainte- 
nance care provided. The economics 
of proper maintenance sometimes per- 
mits a $400 replacement at a 100-ft. 
setting biennially, with no regard to 
excessive corrosion rates, or may ne- 
cessitate a $6,000 expenditure to pull 
a pump at a 600-ft. setting and re- 
place column pipe, shaft and shaft tube. 

There is, however, little doubt that 
turbine pumps will corrode. A recent 
inspection of eleven turbine units aban- 
doned by the Chicago, Milwaukee, St. 
Paul and Pacific Railroad Co. showed 
that seven of these had been abandoned 
hecause of corrosion, two because of 
sand erosion, one because of corrosion 
and obsolescence, and one, apparently, 
was as good as new. These pumps had 
been removed from wells widely dis- 
tributed through the midwest and may 
be taken to indicate that the problem 
of pump corrosion is not local. The 
cost of these turbine units per million 
gallons of water pumped is shown in 
Table 1. These figures are very high 


compared to others which have shown 
the cost to be as low as 1¢ and less per 
mil.gal. during the lifetime of the pump. 

During the past two years, about 50 
Illinois pumps were inspected, and 
early all of these units showed evi- 
ence of corrosion from one or more 
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Chemist, Illinois State Water Survey, Urbana, Ill. 
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The value of these specifications has " 
been proved through extensive use. — 
They standardize and simplify the | 
problems of selection and maintenance © 
of deep-well pumps. 


causes. In general, four different | 
types of attack, appearing alone or in 
combination, are recognized. 4 


Galvanic Action 


The ordinary galvanic attack is ag- 
gravated if two galvanic cells are set 
up in series in the installation. Such — 
a situation exists if bronze impellers — 
are used with cast-iron bowls and | 
copper-alloy bearing-retainers are used _ 
with a water-lubricated steel shaft. — 
In oil-lubricated pumps, the galvanic © 
series is created if bronze impellers are | 
used with cast-iron bowls and water is _ 
permitted to enter the enclosure tube © 
above the bowls and to come in con- | 
tact with the bronze bearings and steel 
shaft. It is obvious in these situations — 
that current will flow from the iron — 
impeller seats through the water to 
the bronze impellers and up the shaft | 
to the bearings. At this point the cur- — 
rent will leave the shaft and flow 
through the water to the bearing re- — 
tainers or to the bearings and down ~ 
the column pipe or enclosure tube to | 
the bowls. A vicious cycle of galvanic 
action can be set up in this manner. 

Water-line corrosion is usually due _ 
to the existence of an “oxygen concen- _ 
tration cell” near the water line on the © 
outside of the column pipe, and is ade- 


quately described in many texts. 


Water-Line Corrosion 
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Water Pumped 


mil. gal. 


Length of Service 


years 


550 
440 
230 


Carbon Dioxide Corrosion 


Carbon dioxide corrosion takes place 
at the high-pressure points in the pump 
bowls and between the column pipe 
and shaft tube. It causes noticeable 
pitting in the bowls, on the column pipe 
and shaft tube just above the bowls, 
and, to a lesser extent, just above the 
spiders. 

A possible explanation of this type 
of corrosion is that it is caused by the 
release of gas bubbles in the water at 
the low-pressure points on the under- 
side of the impellers and possibly at 
the entrance to the suction pipe. This 
can happen, particularly if rough edges 
are present. The gas is composed of 
nitrogen, water vapor and carbon di- 
oxide, and can be expected in any 
ground water under artesian pressure. 
When formed, the gas bubbles pass 
through the turbine and column pipe 
and undergo changes in volume due to 
the changes in pressure that take place. 
They are carried through the pump into 
the column pipe. 

A rapid increase in pressure gives 
the carbon dioxide a higher solution 


TABLE 1 
$ per mil. gal. ppm. im. 
40 530 
40 468 a 
49 1980 Semi-open 
impellers 
390 
77 310 
570 
8.10 990 ey (sand 
7.80 990 vr (sand) 
12.00 1980 Semi-open 
impellers 
1980 Semi-open 
impellers 
1.50 660 0 


potential and, as it dissolves, the water 
film on the surface of each bubble be- 
comes excessively acid through the 
formation of carbonic acid. As. _ the 
gas bubble with its acidic surface film 
passes over metal, corrosive action 
takes place. This type of corrosion 
has been recognized at the high-pres- 
sure points on the vanes in the bowls, 
at points inside the column pipe lo- 
cated from 6 in. to 2 ft. above the toy 
of the bowls and at points located sev- 
eral inches above the spiders between 
the pump shaft or shaft tube and the 
column pipe. The extent to whic 
this corrosion is noted above the spi 
ders decreases with increased distance 
above the pump bowls. This decrease 
is due to the fact that, as the water 
moves up the column pipe, the siz 
and carbon dioxide pressure within the 
bubbles decreases and the relative 
amount of corrosion decreases accord: 
ingly. The presence of hydrogen sul 
fide may accelerate this form of corro- 
sion, and a “worm-eaten” shaft ot 
shaft tube is common evidence, of ex: 
treme cases. 
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Stray Currents 


Stray currents are known to exist at 
many installations. To what extent 
they may damage the pump will de- 
pend on whether the polarity at any 
point enhances or inhibits corrosion. 
It has been noted that in all but one 
case out of 21, the well casing was of 
negative potential with respect to the 
column pipe or to the discharge line. 
In about half of 36 tests, mostly in the 
Cook County, IIL, area, the potential 
varied in magnitude. An alternating- 
current potential is seldom recorded, 
but in one well such a potential was 
observed between the power cable con- 
duit and the pump head. Excessive 
corrosion was noted at this installation. 
A duplicate installation 30 ft. away had 
little corrosion as the cable emerged 
from the conduit and no metallic con- 
tact to the pump head was present. 
Both pumps discharged by free fall to 
an open reservoir. 

The literature indicates that stray 
alternating shaft currents have been 
noted to cause corrosion at bearings 
in industrial motors and generators, 
and that alternating currents have also 
been proved to be corrosive to under- 
ground lead cable sheaths. 
= 
Ott) 

Prevention of corrosion depends 
largely on the type of installation, the 
corrosion expected or encountered and 
the economics involved. Consideration 
of the savings effected by preventive 
methods should include the power saved 
by maintained pump efficiency and the 
trouble and cost of pulling the pump, 
as well as the cost of actual replace- 
ments. 

It has obviously been recognized 
that certain parts of the pump are more 
important to efficiency than others, 
and the selection of materials has often 


Prevention of Corrosion 
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been such as to protect the vital parts 
at the expense of the rest of the pump. 
The effective use of bronze impellers 
and, recently, stainless steel impeller 
shafts and even bronze or rubber wear 
rings is self-evident. The additional 
cost for bronze bowls amounts to about 
80 per cent of the cost of the turbine 
unit, but is often only about 5 to 20 
per cent of the cost of the total instal- 
lation. 

These improvements are not always 
enough. Perhaps more attention should 
be given to reducing the length of the 
tail pipe to 5 or 10 ft. and to maintain- 
ing the pumping level above the bowls 
in order to reduce the formation of 
carbon dioxide gas bubbles. 

For deep settings, a protected col- 
umn pipe and shaft tube is almost a 
necessity. Protection can be had at an 
added cost of 5 to 50 per cent of the 
cost of the pipe itself. It is essential 
that any coating be applied only on a 
clean and dry metal surface. An in- 
expensive coating properly applied is 
more satisfactory than an expensive 
coating that has been poorly applied 
on a dirty surface. 

Cathodic protection installations have 
been made in Illinois but have not been 
in use sufficiently long for their eco- 
nomic value to be judged, nor has 
there been an opportunity to inspect a 
pump protected by this means. 

Stray current electrolysis has been 
combated by inserting insulation be- 
tween the discharge line and the pump 
head. Sometimes the well casing is 
also insulated from the pump head and 
column pipe. Where such measures 
are taken, it is imperative that the 
housing for the power cables and the 
return water lines for water-lubricated 
pumps should also be insulated from 
the pump head, or the efforts will be 
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Metals (British). 


Anaerobic Corrosion of Iron in Soil. ROBERT 
L. STARKEY & KENT M. Wicut. American 
Gas Assn., 108 pp. (1945). Steel and cast 
iron corrode in soil under anaerobic conditions 
even where there is no stray current electroly- 
sis or corrosion caused by high acidity or 
galvanic couples. Corrosion products not 
adherent type which tend to stifle corrosion, 
_ but porous or soft, and leave metal without 
protective surface film. When corrosion 
- products wiped away, metal surface found 
_ bright and silvery and has etched appearance. 
_ Such metal surface corrodes readily and rusts 
rapidly in contact with air. Products of 
-anaerobic corrosion also rapidly oxidized. 
_ Evidence obtained indicates that, in anaerobic 
corrosion, sulfate-reducing bacteria may be of 
-major importance. Characteristics of these 
_ bacteria and importance of process of sulfate 
reduction caused by them discussed. Ac- 
cording to theory of von Wolzogen Kiihr, 
_ sulfate-reducing bacteria consume hydrogen 
which is formed at cathodes on metallic iron 
and, by thus depolarizing system, make possi- 
_ ble continuation of corrosion process. Addnl. 
evidence in support of microbiol. theory of 
_ anaerobic corrosion obtained from studies of 
_ ability of sulfate-reducing bacteria to oxidize 
gaseous hydrogen. Pure cultures of 
desulfuricans, cultivated for over 2 yr. on org. 
media, oxidized hydrogen when cultivated in 
medium contg. sodium lactate. Crude cul- 
tures and partly purified cultures of sulfate- 
reducing bacteria oxidized hydrogen in 
strictly inorg. medium. Evidence indicates 
that sulfate-reducing bacteria able to grow 
by energy provided by reaction whereby 
hydrogen oxidized and sulfate reduced to 
sulfide, but absolute purity of cultures not 
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Key: In the reference to the publication in which the abstracted article appears, 34: 412 
_ (Mar. ’42) indicates volume 34, page 412, issue dated March 1942. 
by the issue, 34: 3: 56 (Mar. ’42) indicates volume 34, number 3, page 56, issue dated March 
Initials following an abstract indicate reproduction, by permission, from periodicals, as 
follows: B.H.—Bulletin of Hygiene (British); C.A.—Chemical Abstracts; P.H.E.A.—Public 
Health Engineering Abstracts; W.P.R.—Water Pollution Research (British); I.M.—Institute of 


If the publication is paged 


Se 


established. Purified cultures of  sulfate- 
reducing bacteria developed in strictly mineral 
medium to which no hydrogen added, but 
which contained steel from which hydrogen 
produced through reaction with water. Pos- 
sibility indicated that not only sulfate-reduc- 
ing bacteria but other bacteria as well pro- 
mote corrosion by removal of cathodic 
hydrogen. On basis of soil tests—in particu- 
lar, measurements of soil Eh and pH—possi- 
ble to predict severity of anaerobic corrosion 
of steel and cast iron in soil. Method de- 
vised whereby measurements could be made 
readily and rapidly in field without soil 
sampling. Use of tests for predicting corro- 
siveness based on principle that bacteria re- 
sponsible for anaerobic corrosion thrive and 
cause destruction of iron and steel only near 
neutrality and under strongly reducing condi- 
tions. Results obtained support this con- 
cept. Certain limitations to use of soil 
measurements for predicting severity of 
anaerobic corrosion became evident during 
course of investigation; these follow: Reaction 
range for development of S. desulfuricans in 
culture medium found to be pH 5.5-8.5. 
Also been found that, in soils, anaerobic cor- 
rosion most severe at reactions close to neu- 
trality and acid limit for development of 
sulfate-reducing bacteria in culture media 
close to limit for corrosion in soil. Soil re- 
action when considered together with other 
soil characteristics, particularly soil redox 
potential, served as useful index of soil corro- 
siveness. Soils more acid than pH 5.5 con- 
sidered unfavorable for anaerobic corrosion, 
and no evidence of anaerobic corrosion noted 
in soils more acid than pH 5.5 where no soil 
abnormalities and interfering factors such as 
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stray currents. Redox potential of culture 
media used for cultivation of S. desulfuricans 
initally 300 to 400 mv. and dropped to — 200 
to —300 mv. during growth of bacteria. 
Nearly as low potentials produced in sterile 
medium to which sulfide added. Eh of 
sterile media to which metallic iron added be- 
came stabilized at approximately —400 mv. 
and this potential remained unchanged even 
after growth of S. desulfuricans in medium. 
Lab. tests indicated redox potentials of 
aerobic soils sufficiently greater than those 
of anaerobic soils to make possible use of 
potential measurements for differentiation 
of aerobic from anaerobic soils in field. Eh of 
rapidly decomposing plant residues low even 
when materials kept moist and presumed to 
be decomposing aerobically, but slowly de- 
composing plant residues had higher poten- 
tials. Similar plant residues decomposing 
under anaerobic conditions had low poten- 
tials. During decomposition of org. materials 
in moist soil, however, redox potentials re- 
mained high (above 400 mv.), and rapidly 
decomposing org. matter had no apparent 
effect on potentials of soil as whole. When 
similarly treated soils waterlogged, potentials 
dropped to below 200 mv. Potentials of 
fertile topsoil to which no org. material added 
underwent same changes as soil receiving 
addns. of org. matter. Subsoil, deficient in 
org. matter, showed scarcely any decrease 
in redox potential upon being waterlogged 
except when org. matter added. Possibility 
of using potential measurements other than 
direct measurements of soil Eh for detg. deg. 
of soil anaerobiosis considered. Differences 
in potentials of acid extracts of aerobic and 
anaerobic soils comparatively small and po- 
tentials showed little correlation with deg. of 
soil reductiveness. Anaerobic soils could in 
most cases be distinguished from aerobic soils 
by potentiometric titrations of acid extracts, 
but large quant. differences among strongly 
reduced soils; these differences appeared re- 
lated to chem. compn. of soils, particularly 
iron content. Method had limited value 
with sandy soils and peats. Potential 
measurements of alk. extracts of soils proved 
of no value for differentiating aerobic from 
anaerobic soils. Value of potential measure- 
ments other than direct measurement of soil 
redox potential further limited for field 
studies by fact that measurements time-con- 
suming and necessitated taking soil samples. 
Desirability of measuring soil Eh and pH 
directly and in situ discussed. Indicated 
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that there may be errors when measurements 
made on soil samples, particularly those of 
strongly reduced soils. Through contact with 
air, Eh of samples of reduced soils increased. 
When reduced soils contg. sulfide desiccated, 
pH became more acid; in some cases drop of 
2.0 pH units or more. Instrument devised 
whereby measurements could be made of 
soil pH and Eh in field to depths of 3—4’ 
without soil sampling. Instrument particu- 
larly well adapted for use in wet, but not in 
dry or moist soils. Limitations of common 
methods of cleaning platinum electrodes for 
use in Eh measurements indicated. Im- 
proved method devised which was well 
adapted for use in field. Procedure involved 
cleaning with acid soln. of synthetic detergent 
and soln. of hydrogen peroxide. Results 
reported of tests made on numerous soils in 
N.Y., N.J., Pa., Ohio and Md., along pipe- 
line distr. systems of 6 gas utility companies. 
Characteristics of soils noted and tests made 
to det. severity of corrosion of pipes buried in 
soils and factors responsible for corrosion. 
Soil pH and Eh measured and deg. of correla- 
tion between magnitude of soil Eh and sever- 
ity of corrosion ascertained. Scale formu- 
lated for estg. soil corrosiveness from soil 
redox potential: 


Range of soil Eh 
Below 100 mv. 
100 mv. to 200 mv. 
200 my. to 400 mv. 
Above 400 mv. 


Corrosiveness 

Severe 
Moderate 
Slight 
Non-corrosive 


Severity of anaerobic corrosion of each site 
classified on basis of both soil Eh and condi- 
tion of pipe. Deg. of agreement between 2 
classifications served to indicate merit of soil 
test as index of corrosiveness. In estg. corro- 
siveness from soil measurements, soils with 
reactions more acid than pH 5.5 considered to 
be unfavorable for anaerobic corrosion. Re- 
sults obtained at 48 test sites where there was 
min. of complicating corrosive factors showed 
that corrosiveness correctly estd. by soil tests 
in 67% of cases and estd. with fair deg. of 
accuracy in 23%; prediction poor in only 10% 
of cases. High deg. of correlation between 
soil Eh and corrosiveness indicates that this 
soil measurement can be used as basis for 
estg. severity of anaerobic corrosion. Non- 
corrosive and severely corrosive soils showed 
best correlations, and borderline soils with 
intermediate redox potentials between 100 
and 400 mv. showed greatest discrepancies 


1211 
t 
i] 


1212 


between predicted and actual corrosiveness. 
Correlation between 2 classifications of corro- 
sion less satisfactory with series of test sites 
_ where there were abnormal soil conditions or 
complicating corrosive factors such as sea- 
sonal variation in deg. of soil reductiveness or 
stray current electrolysis. With 14 abnormal 
test sites, severity of anaerobic corrosion ac- 
- curately estd. in 36% of cases, judged with 
_ fair accuracy in 50% and poorly evaluated in 
14%. Results suggest that even where there 
-are soil abnormalities, severity of anaerobic 
corrosion can be estd. with fair deg. of ac- 
curacy from measurements of soil Eh and 
pH, but probability great that prediction will 
be inaccurate. Anaerobic corrosion most 
- severe in wet, poorly drained soils which had 
low redox potentials between 0-100 mv. 
Soils had reactions close to neutrality and 
generally contained iron sulfide. Soils with 
moderate corrosion had somewhat higher 
redox potentials, between 100-200 mv. 
Anaerobic corrosion not encountered in 
aerobic soils which had redox potentials 
greater than 400 mv. except where conditions 
complicated by such factors as seasonal vari- 
ation in soil conditions and stray current 
electrolysis. No correlation noted between 
soil texture and severity of anaerobic corro- 
Soil drainage better index of corro- 
siveness than soil texture. Anaerobic soils of 
coarse texture always near rivers, lakes, 
swamps, or ocean, which kept them satd. with 
water at pipe depth. Heavy soils poorly 
drained and anaerobic not confined to loca- 
Develop- 


sion. 


tions near bodies of surface water. 
ment of anaerobic conditions in poorly drained 
soils by stagnation of water provides condi- 
tions favorable for anaerobic corrosion. In 
cases where soil water in motion, however, 
soil redox potential generally high and no 
anaerobic corrosion. Potentials of acid ex- 
tracts of soils showed no consistent correlation 
with severity of anaerobic corrosion. Re- 
ducing capacs. of anaerobic soils much greater 
than aerobic soils, but no close quant. rela- 
tionship found between deg. of soil reductive- 
ness and value of reducing capac. Reducing 
capacs. of sands and peats relatively low, 
irrespective of deg. of reductiveness of soil or 
severity of corrosion. At sites where soil 
conditions and corrosion affected by stray 
currents, seasonal variation in deg. of soil 
aeration, and presence of consumer gas origi- 
nating from leaking gas pipes, soil tests had 
limited value as basis for estg. severity of 
anaerobic corrosion. No consistent correla- 
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tion between soil Eh and severity of anaerobic 
corrosion in these cases. At sites where 
metal became cathodic periodically under 
influence of stray currents, evidence of ana- 
erobic corrosion even in aerobic soils. Sea- 
sonal changes in level of soil water table re- 
sulted in variation in deg. of soil aeration in 
certain soils. During most of year soils con- 
tained free water, were poorly aerated and 
anaerobic, had low redox potentials, and 
nearly neutral in reaction. During dry 
seasons soils at pipe depth had high redox 
potentials and became dry, well aerated, and 
fairly acid in reaction. Correlations between 
soil Eh and severity of corrosion could be 
obtained in such cases by making tests at 
periods when soil conditions representative 
In some soils redox potentials 
Presence of 


for location. 
varied markedly during year. 
consumer gas in soil interferes with measure- 
ment of soil redox potential. Consumer gas 
caused potentials of aerobic soils to drop 
rapidly to values typical of anaerobic soils, 
Similar but less persistent changes in Eh 
produced by hydrogen gas.—Ed. 


Anaerobic Corrosion of Buried Iron Pipes. 
O. B. Witson. Wtr. & Wtr. Eng. (Br.) 48: 
594 (Nov. 45). This type of corrosion of 
steel and c-i. pipes common in conditions such 
as prevail in wet heavy clay soils, and is result 
of activity of sulfate-reducing bacteria of type 
vibrio desulfuricans. Organisms cause sulfate 
present in soil to act as hydrogen-acceptor 
and so cathode is depolarized. Iron sulfide 
formed by interaction of iron dissolved at 
anode with hydrogen sulfide produced bac- 
terially. Effect is such that material be- 
comes soft, and, while retaining outward ap- 
pearance, can easily be cut with knife. Of 
several cases examd. only one of clays gave 
other than neutral or alk. reaction. In other 
cases pH varied from 7.0 to 7.8. Sulfate- 
reducing bacteria should not be confused with 
common iron bacteria which are aerobic; 
sulfate-reducing organisms strictly anaerobic. 
Products of bact. corrosion are: ferrous hy- 
droxide, white pasty mass which on oxidation 
slowly turns brown; and black ferrous sulfide, 
also easily oxidized. Following eq. illustrates 
that bacteria can utilize hydrogen in org. 
food to produce hydrogen sulfide, sodium 
lactate being taken as org. food: 


2C;H;O3;Na + 3CaSO, = + 
3CaCO; + 2CO: + + 3H2S 
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Hydrogen sulfide available for pptn. of 
ferrous ions as ferrous sulfide and, conse- 
quently, ferrous hydroxide not found in any 
great quant. Cellulose-decomposing bacteria 
widely distributed in almost all types of soil, 
and hessian or other cellulose material pro- 
vides source of org. food for these organisms. 
Difficulty experienced in obtaining specimens 
of products of corrosion because: (a) where 
leak has occurred, corrosion products leached 
out and chemically changed and rust every- 
where apparent; (b) portion examd. restricted 
and (c) ferrous sulfide in corrosion products 
easily oxidized. Important that samples be 
taken under water and containers filled and 
sealed. Sample of soil taken from near water 
main which had failed in 4 yr. was of clayey 
nature and contained limestone and org. 
matter. Active soil placed in beaker and 
covered with neutral water to depth of 2” 
standing in middle was clean steel nail. 
Soil became darkened and as time went on 
black deposit formed. Sulfide-sulfur in de- 
posit was 33.83%. Piece of pipe which had 
failed painted and subjected to attack of 
active bacteria, fed on sodium lactate, calcium 
sulfate and water, and showed no effects 
after 2 yr. of exposure. It follows that no 
anaerobic corrosion will take place if pipes 
left in ground with coating undisturbed. 
Concluded that attention required when 
laying mains in order that org. matter in 
contact with pipes be reduced to min. In 
locating this type of corrosion 2 deciding 
factors: (1) Necessary that earth be water- 
satd. or airtight, and (2) pH of soil water 
must be approx. 7.0, limiting deviation of 
which is 0.8.—H. E. Babbitt. 


Corrosion Tests Yield Interesting Data. 
\nwon. Ry. Age 119: 15: 594 (Oct. 13, '45). 
Full description of test facilities at Kure 
Beach, N.C., where thousands of specimens 
of metals, alloys and coatings studied in 
natural atmospheric corrosion environment 
and also effect of methods of timber preserva- 
tion to det. resistance to marine borers. In- 
vestigation is co-operative study by several 
large companies with approximately 15,000 
specimens exposed to sea air and 3000 speci- 
mens comprise submerged tests in sea water. 
-R, C. Bardwell. 


Corrosion Tests for Water Works Materials. 
L. W. Haase. Korrosion u. Metal. (Ger.) 
19: 224 ('43). Methods in which flowing 
liquid used recommended for detg. corrosion- 
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resisting properties of materials used in water 


works; number of lab. devices used for purpose — 


described and illustrated. 
corroding liquid materially changed, liquid — 
withdrawn and analyzed. Fresh liquid then 
used for same period of time as before; this 
liquid then withdrawn and analyzed. 


When compn. of | 


From 


anals. it should be possible to obtain some — 
indication of whether protective coating being , 


formed on surface of material. 
tests concen. of oxygen in liquid should be kept — 
const. 
porosity of protective coatings. 


Throughout 


Salt spray tests can be used to det. — 
Conditions 
under which tests are carried out should be as © 


nearly identical as possible to those maintd. — 


W.P.R. 


in practice. 
Long-Term Tests With Concrete Pipes. H. 
GRANHOLM. 
27 ('44). 


exposed to moorland water for 10 yr. 


Water 


Chalmers Tekn. Hégsk. Handl. 
Concrete pipes of different types | 


soft, contained large amts. of aggressive CO» — 


and had pH value which was sometimes as 
low as 4.5. Pipes of porous material almost 
completely destroyed by end of period; pipes 
of dense, impermeable material, however, only | 
slightly corroded. Surface coatings of as- 
phalt solns. and molten asphalt protected 
pipes of porous concrete from attack by 
water.—W.P.R. 


Corrosion of Cement and Concrete. C. 
HAMMERTON. Surveyor (Br.) 104: 123: 127 
(45). Discussion. C. B. TOWNEND said 
corrosion of concrete due to hydrogen sulfide 


not very prevalent in Britain except where — 


temp. and other conditions abnormal; septic- 
ity of sewage due to deposits formed in 
sewers laid to too low gradients. No reason 
why sewers should not be laid to gradients 
which would obviate the formation of de- 
posits. Adequate ventilation of sewers best 
method of preventing sewage from becoming 
septic. Aluminous cement might be attacked 
by strong alkali in trade waste waters. B.A. 
SOUTHGATE described expts. on action 
waste waters from milk industry on cement 
mortars. L. A. ALLEN described work 
carried out at Water Poln. Research Lab. of 
Dept. of Scientific and Indus. Research on 
formation of hydrogen sulfide in sewage in- 
cubated at 20°C. Results showed that TNT, 
dinitrobenzene, sodium picrate and potassium 
nitrate delayed and, in sufficiently high doses, 
prevented formation of hydrogen sulfide in 
sewage. A. V. Hussry discussed resistance 


of 


to corrosion of pozzolanic and aluminous 
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cements. J. B. Harvey described disin- 
tegration of culvert through attack by hy- 
drogen sulfide. ‘‘Ciment Fondu” used for 
repairing culvert and measures taken to 
ventilate culvert adequately. Although hy- 
drogen sulfide still formed there has been no 
further corrosion. C. B. O. JoNeEs said that 
in Coventry cement or lime mortar or both in 
26 manholes corroded by sulfuric acid formed 
from waste water from rayon factory. Al- 
though waste water had pH value of 7.6-7.9, 
reduction products from compds. such as 
sulfates and thiosulfates condensed with 
droplets of moisture on unwetted side of man- 
holes and reoxidized to sulfuric acid. 
Author's reply. Ventilation of sewer advanta- 
geous if it prevented formation of septic 
conditions or carried hydrogen sulfide away 
so quickly that oxidation products did not 
come into contact with sewer; however, 
septic action had already started vigorously, 
ventilation might accelerate oxidation of 
hydrogen sulfide and thus accelerate corro- 


sion. —W.P.R 
The Corrosion of Concrete. C. D. PARKER. 
Australian J. Exp. Biol. Med. Sci. 23: 81 


(45). (1) Isolation of species of bacterium 
associated with corrosion of concrete exposed 
to atms. contg. hydrogen sulfide. Internal 
surfaces of concrete sewers often subject to 
> rapid corrosion when sewage and atm. in 
- sewers contain appreciable amounts of hydro- 
sulfide. Constituents of cement con- 
- verted to sulfates and high concen. of sulfuric 
acid often found in water associated with 
_ products of corrosion. Five strains of species 
of bacterium isolated from corroded concrete. 
Method of isolation and morphology and 
cultural and biochem. characteristics of 
organism described. Organism named _pro- 
visionally Thiobacillus concretivorus. All 5 
strains grew only under acid conditions and 
able to utilize free sulfur and thiosulfate as 
sources of sulfur; no growth occurred when 
source of sulfur was sulfite, sodium sulfide or 
hydrogen sulfide. When free sulfur utilized 
: all 5 strains produced sulfuric acid only; when 
thiosulfate source of sulfur, relative amts. of 
free sulfur and of sulfuric acid produced 
_ differed with different strains. (2) Function 
of Thiobacillus concretivorus (nov. spec.) 
corrosion of concrete exposed to atms. contg. 
hydrogen sulfide. Thiobacillus concretivorus 
isolated from samples of corroded concrete 
from widely separated places in Australia. 
Corroded concrete found to be acid and to 
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contain sufficient available phosphate, nitro. 
gen and free sulfur for growth of organism, 
Expt. made in which culture medium used 
for isolation of organism placed in 2 flasks, 
Sterile block of cement introduced into each 
flask; part of each block submerged in medium, 
Sterile sulfur added to both flasks and one 
flask inoculated with Thiobacillus concretj- 
vorus. Because of soln. of lime from cement, 
necessary to adjust pH value of contents of 
flasks to 5.0 for some days before growth 
began. After incubation for 3-4 mos., con- 
siderable corrosion of cement had occurred 
in inoculated flask, but no corrosion had oc- 
curred in sterile flask. In another series of 
expts., blocks of cement-sand mortar exposed 
to atm. satd. with water vapor and contg, 
0.5-1.0 ppm. ammonia and about 250 ppm. 
hydrogen sulfide. After exposure for 6 wk. 
mortar in flask inoculated with Thiobacillus 
concretivorus showed obvious signs of cor- 
rosion. Mortar in sterile flasks showed no 
signs of corrosion. After exposure for 15 wk, 
blocks in inoculated flasks showed all signs of 
corrosion normally found in sewers. Pro- 
ducts of corrosion acid and contained sulfate. 
When blocks treated with hydrochloric acid, 
grey surfaces became coated with yellow 
solid, presumably sulfur. This more notice- 
able on blocks from sterile flasks and suggests 
that polysulfides formed under sterile condi- 
tions. Appeared to be slight conversion of 
hydrogen sulfide to sulfate under sterile con- 
ditions. Concluded that, normally, corro- 
sion of concrete occurs in 2 stages. In first 
stage carbonate-bicarbonate-carbon dioxide 
equil. destroyed and pH value decreases from 
8.4 to between 6 and 7. In second stage 
growth of Thiobacillus concretivorus occurs 
with formation of acid. Because of high pH 
value, unlikely that Thiobacillus concreti- 
vorus plays any part in first stage. Water 
extracts of sterile blocks used in expts. had 
pH values of 6.6-6.9; seems unlikely therefore 
that chem. changes alone would produce 
sufficiently low pH value for growth of Thio- 
bacillus concretivorus and seems probable that 
other species of sulfur bacteria responsible 
for first stage of corrosion.—W.P. 


Corrosion of Condenser Tubes by Ammonia. 
E. B. Harrison. Power Plant Eng. (Br. 
48: 6: 84 ('44). Corrosion of arsenical 
copper condenser tubes occurred at plant 
where 4 condensers in use. Although feed 
water had contained up to 0.5 ppm. ammonia 
for many years, only 1 condenser, which 


Oct 


ditte 

Cort 
low 

cone 

tion 

or a 
Con: 
creas 
tem] 
auxil 
Resu 
steel 
tube: 
becal 
corro 
tubes 
tubes 
poset | 
tubes 


W.P. 


The 

Meta 
dustr 
when 

sion 

expres 
when 

10 OXI 
aqueol 
pos. i 
metal 
soln. 

corrosi 
remov 
by dis 
il 
of met. 
to for, 
hither 
it site 
nected 
inh sam 
portant 
5 dep 
reaction 


WPLR. 


Cold W 
Moderr 
water d 
success! 
leed wa 
within 

under 

Water i 
pose su 


} 
i. 
3 


38 


itro- 
ism, 
used 
isks, 
each 
ium, 
one 
reti- 
lent, 
ts of 
wth 
con- 
irred 
| oc- 
of 
osed 
mig. 
pm, 
wk, 
‘allus 
cor- 
1 no 
wk, 
ns of 
Pro- 
fate. 
acid, 
‘llow 
tice- 
rests 
yndi- 
n of 
con- 
or©ro- 
first 
oxide 
from 
stage 
"curs 
1 pH 
creti- 
had 


efore 


nonia 


vhich 


WATER WORKS 


Oct. 1946 
differed in design from other 3, affected. 
Corrosion took place mainly in winter when 
low temp. of water caused almost complete 
condensation in first passage and led to forma- 
tion of moderately coned, soln. of ammonia 
or ammonium Carvonate in second passage. 
Considered that corrosion fatigue had_ in- 
creased damage. ‘To minimize corrosion, 
remp. of feed water raised above 45°F. and 2 
auxiliary air offtake connections added. 
Results of Comparative tests using stainless 
steel, \dmiralty metal, and arsenical copper 
tubes that arsenical copper tubes 
became first and that extent of 
corrosion 8 times greater in arsenical copper 
tubes and 5 times greater in .\dmiralty metal 
tubes than stainless tubes. Pro- 
posed to replace all faulty arsenical cooper 
tubes by special Admiralty metal tubes. 


W.P.R. 


showed 
corrot led 


steel 


The Principles of Electrolytic Corrosion of 
Metals. G. E. Coates. Chemistry & In- 
dustry (Br.) 306 (44). Oxidation of metal, 
when it involves economic loss, termed corro- 
sion. Tendency of metal to corrode may be 
expressed in terms of quant. of energy set free 
when atomic equiv. converted from metallic 
‘io oxidized state. Mechanism of corrosion in 
aqueous solns, discussed. Metals consist of 
pos. ions held together by electrons; when 
metal corrodes in aq. soln., pos. ions go into 
soln. ~=Metal then becomes neg. charged and 
corrosion will not proceed unless neg. charge 
removed. In practice neg. charge removed 
by dischg. of pos. ions, commonly hydrogen 
ions, in soln, or by combination of electrons 
f metal with oxygen or other oxidizing agent 
io form hydroxyl or other negative ions. 
Either of these processes may occur not only 
it site of corrosion but also at electrode con- 
nected to corroding electrode and immersed 
in same soln. Secondary though very im- 
portant factor influencing rate of corrosion, 
s deposition on corroding surface of insol. 
reaction products which retard corrosion, 


Cold Water De-aeration. \N. 
Modern Power & Eng. 39: 12: 60 ('45). Cold 
water de-aerators require same conditions for 
successful Operation as more familiar boiler 
leed water de-aerator: (1) Maint. of pressure 
within unit corresponding to b.p. of water 
under (2) means for dividing 
Water into small and minute particles to ex- 
pose surface and facilitate escape of gases 


treatment; 


LITERATURE 
from soln., (3) means for withdrawing gases 
from container, and maint. of const. vacuum. 
Sprays and over trays” within 
de-aerators generally used. Multiple-stage 
equip. may be required for removal of gases 
to low content. De-aeration will reduce cor- 
rosion of piping and other equip.—C.A. 


cascades 


Application of Equilibrium pH to Recirculating 
Cooling Water Systems. A. G. 1). EMERSON, 
J. Soc. Chem. Ind. (Br.) 64: 335 ('45).  The- 
ory underlying conditions required to be 
maintd, in recirculating cooling water systems 
to establish stable conditions and prevent 
corrosive attack studied. Accurate equa- 
tions established enabling equil. pH value 
(pH,) of water and optimum no. of conens. 
required in any given recirculating cooling 
water system to be caled. Anal. detns. of 
Ca hardness, total alky., total dissolved solids 
and pH of water permit calen. of pH,, and 
finally ‘‘corrosiveness’’ caled. as (pH.-pH). 
Alteration in pH value by addn. of inhibitor 
to water should be detd. experimentally and 
suitable correction applied to observed pH 
before caleg. (pH, -pH).—C.A. 


Principles and Practice of Corrosion Preven- 
tion in Waterworks Pipelines. NokrMAN J. 
PuGH. Wer. & Wtr. Eng. (Br.) 49: 57 (Feb. 
46). Mass of literature devoted to corrosion 
evidence of importance and also monument 
inability to explain or control ravages. 
\uthor advocates provision and preservation 


to 


of protective coatings as most practical and 
effective corrosion preventive. In  consider- 
ing corrosion of pipelines, important to pay 
attention to those mains which, if they failed, 
would affect supplies to considerable areas. 
Estd. in °37 that’ corrosion costing world 
£5,000 000,000,000, Pipes constructed in 
non-corrodible material used in past few years. 
Materials allowed to waste at home must be 
replaced and in so doing materials may be 
diverted from export trade. [ron and steel 
remain as basic components in pipes for water 
works. Coupled with asbestos cement, these 
will remain for some time materials in which 
pipes mainly available. 
qualities asbestos- 
cement pipes commend them for use under 


size water 


Corrosion-resisting 


larger 


ol 


certain circumstances, but even if used corro- 
sion problem remains since metal extensively 
used in such pipelines for specials, jointing 
and tapping. .\ccompanying attempt 
summarize major causes of corrosion and 
indicate methods of prevention. Little evi- 
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dence to condemn practice of using water 
mains as means of discharging stray elec. 
currents to earth. Report to South Stafford- 
shire Mond Gas Co. provided positive evi- 
dence that corrosion on mains widely dis- 
tributed over area under review due to heavy 
cathode points with corrosion taking place at 
adjacent anode points where induced currents 
dischgd. to earth, Report reads ‘‘We have 
established definitely that anode currents are 
harmless provided coating on main is perfect 

. pinhole is sufficient to start mischief.” 
Use of electrically inert materials in water 
works pipelines open to objection from elec. 
industry. If communicating pipes to bldgs. 
are tapped off mains so constructed that 
there can be no elec. dischg. from mains, then 
stray currents can be dischgd. only through 
service pipework. In smaller pipes internal 
protection depends on initial coating and care 
taken not to destroy it during laying and 
jointing. In larger pipelines, where internal 
protection can be made good after laying 
should be possible to leave work so that cor- 
rodible metals effectively insulated from con- 
tact with water which will pass through pipes. 
External protection more likely to be dam- 
aged in transit, handling and installing than 
internal linings. In practice extremely diffi- 
cult to avoid damage to outside protection on 
metal pipes. Pump suctions and suspended 
pipes in wells present special problem. Such 
pipes often alternately wet and dry and lo- 
cated where corrosive elements favored. 
Periodic inspection of suspended pipes ad- 
vocated as matter of principle. Value of 
investigating corrosive characteristics 
waters previous to pipe laying doubtful. 
River waters notoriously changeable in 
quality. At best, soil samples provide only 
“hit and miss’”’ evidence and should not be 
regarded as evidence of safety throughout 
length of pipeline. Unfortunate that British 
Standard Specifications makes any attempt 
to prescribe coatings difficult if not impossible. 
Quotations from A.W.W.A. Standard Speci- 
fications indicate advantages and desirability 
of such specifications. They establish orderly 
procedure, remove doubt about untried pro- 
cedures, benefit mfr. and contractor in defin- 
ing properties and qualities of materials, and 
are easy for engr. to use. Technical staff 
may advise purchaser that greater degree ot 
protection should be considered but if advice 
rejected pipes must be supplied to purchaser's 
inadequate specification or order will be lost. 


ol 


Conclusions: (1) Metal will continue to be © McMILLAN referred to dangers of accelerated 
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used for water pipe and specials during earlie 
postwar years. (2) Extensive program of 
major permanent works about to be under. 
taken by water works industry with littl 
improvement in materials since ‘39. (3) 
Durability of greater signif. now than ever 
before. (4) Inhibition of corrosion should be 
one foremost concerns of water works 
industry. (5) Difficult to assess danger of 
corrosion to any particular pipeline. (6 
Protection provides answer to problem of 
corrosion. (7) Metal in pipe should be re. 
garded as strengthening component between 
layers of corrosion-resistant material. (8 
Protection to be effective must be continuous 
(9) Effective protective coatings involve care 
and attention. (10) More general appreci- 
ation of value of protective coatings desired 
(11) Accepted standards of protection should 
be defined and applied throughout water 
works industry. (12) Standards of protec: 
tion for metal pipes should apply to materials 
manufacture and care and attention given to 
coatings in transit, storage, handling and 
laying procedure. Discussions. C. A. Ris 
BRIDGER. [Did not agree that external cor 
rosion more to be feared. In own work all 
pipes concrete lined and laid-in, haunched 
and covered with concrete. F. H. BULLOock 
thought author had dismissed internal en- 
crustation without sufficient consideration, 
and emphasized importance of withdrawing 
suspended pipes from time to time for exam 
H. F. Cronin referred to long life of ¢-i 
mains, vulnerability of steel mains and rela‘ 
tive durability of spun against c-i. pipes. 
Most important to guard against damage t 
protective coatings during storage. F. C. 
BULLOCK anticipated greater danger from 
point” corrosion. F. W. GASKIN agreed 
major factor in external corrosion is presence 
of excessive moisture. Pipes often act as 
drains to conduct water to lowest points in 
trenches where corrosion so often experi 
enced. C. V. BROwN mentioned chlorine at 
1 ppm. as inhibitor of internal corrosion. | 
H. Brown stated complete elimn. of protec 
tion does not necessarily give rise to rapit 
corrosion. D. G. BEVAN thought too grea‘ 
reliance should not be placed on concrete & 
protecting agent some sulfate-beari 
waters produce rapid disintegration of ordi 
nary cements. Concrete surrounding iron 
or steel pipe might provide good (elec. 
ground. C. C. Jupson favored  asbestej 
cement as water works pipe material. B.L 
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earlieforrosion if communicating pipes laid in ternal and external protection. Dept. of 
am off. r. In conjunction with ferrous metals Scientific and Industrial Research conductin 
under iikely to cause corrosion. Author's reply. investigation which might answer question 
| little§Relative importance of internal and external whether chlorine increases or inhibits corro- 
). (3§-orrosion depends on circumstances in each sion. Extra cost involved in assuring pipe- 
m evericase. Evidence that partial protection May lines are continuous conductors to provide 
uld bef-ause pipes to fail that might have remained “i 
ine ; elec. grounds should not fall on water works. 
works§erviceable for longer period. Dr. Angus Act 
ger soln. in original form, probably Cement 
e.  (6)f.ound protection but in these days mythical. against sulfate corrosion by dipping. Elec. 
lem offCoating pipes by dipping can be delusion. testing of protective coating will detect 
. ‘ 4 ” = e 
be re- Internal encrustation not stressed because ‘pinholing. Table of cause and prevention 
ctweenf dequate protection deals equally with in- follows.—H. E. Babbitt. od 
1. (8 
inuous CORROSION OF METALS IN PIPELINES ina 
ve Care 
ppreci- Causes Prevention 
— Inherent in Metals Care and improvement in mfg. 
ous Lack of homogeneity in structure of metals ape , 
al Presence of other metals in allovs Improvements in existing alloys and intro- 
yrotec i type 
oak Presence of non-metallic foreign matter duction of new types — é 
— Chem. composition Continuation and extension of research with 
eae Micro structure object of removing or minimizing bogey ot 
‘ R Physical conditions, impaired or influenced corrosion 1n metals used for water works 
al we by methods of production Care in mfg. and fabrication; avoidance of 
distortion or straining; care in welding 
ork all 
{fecting Pipelines Internally 
4 ‘onditioning vater; raising of pH value; 
sLLocky Reaction between water & metal: : Conditioning of water; raising | 
internal protective coating 
al a) Complete sterilization; internal protective 
ration§ b) Bacteriological coating 
rawing : : ; ae Care in laying and during subsequent repairs; 
-exam— Accumulation of foreign matter in pipes conditioning of water 
of cif Contact with dissimilar metals Elim. as far as possible in design and practice 
d Regulation of pressures, prevention of surges, 
pipes} Internal failure air valves, anchoring or strutting of bends 
of coatings and fatigue in metal Selection of appropriate protective coatings; 
F. Cf Perforation or breakdown of protective inspection prior to and after laying; care in 
laying and jointing 
agreed 
resence|ifecting Pipelines Externally Selection of materials appropriate to condi- 
act @&) Reaction between ground and ground tions, selected filling to trenches, external 
ints I} ~~ water and metal, or between atmosphere protective coating. 
expen _and metal Elimn. in design and practice as far as possi- 
rine aif Contact with dissimilar metals ble 
Proper supporting of pipes, care in bottoming 
protec? External stresses and strains ' | up and backfilling, laying pipes on even 
a bed, avoidance of intermittent rigid sup- 
) grea’> Etfect of leaks from high potential circuits ports 
rete and grounding of elec. circuits and ap- See text 
earings paratus to pipes 
rf ordi Perforation or breakdown of protective Care in selection of protective coatings, in- 
spection before and after laying, care in 
‘ handling and slinging pipes, care in laying 
a L rl, pipes on even beds, avoiding sharp stones 
| ‘ 7 and boulders, care in refilling trenches, 
particularly in first 12’”’ over pipes 
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Emulsions of Oil in Water as Corrosion In- 
hibitors. Overseas Engr. 18: 173 ('45). 
In paper submitted to Iron Steel Inst., P. 
Hamer, L. Powell and E. W. Colbeck de- 
scribed prelim. expts. on use of oil emulsions, 
produced by adding “‘soluble oils’’ to water, 
to prevent corrosion in cooling water systems 
in which water recirculated. Concluded 
from results of expts. that oil emulsions can 
inhibit corrosion mild steel to natural 
waters of widely different types at temps. up 
to 90°C. when water still or flowing. Metal 
surfaces which have been exposed to emul- 
sions retain passivity in untreated water for 


of 
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application of much smaller dose. Nop 
ferrous metals, alone or in contact with mik 
steel, protected by oil emulsions at room 
temp. when water still or flowing. At 6 
and 90°C., however, local attack occurs 9 
both steel and cast iron in contact with nop 
ferrous metals. With mild steel 


ferrous metals, breakdown of emulsion may 


or non 


be accompanied by pitting. Corrosion re 
tarded or stopped when oil emulsion in con 
tact with metal surfaces on which corrosiog 
products present. Protection greater, how 


ever, when surfaces clean. Protective effec 


appears to be due to formation of oil film o 
W.P.R. 


limited time. Corrosion can be prevented 
by heavy dose of oil followed by continuous 


surface of metal. 


Taye: 


4 
Erratum 


In the abstract of “The Chlorination of Mains and the Defects ot 
Yarn as a Jointing Material,” Vol. 38, p. 890, July, 1946, JouRNAL., 
the statement that “it was practice to chlorinate only repaired mains 12” 
and over in diam.,”’ was in error. The statement should have read: 
“. . it was practice to chlorinate mains less than 12” in diam. with 


Mains 12” and over in 


an unsatisfactory method. 


bleaching powder 
diam. were dosed with 10 ppm. of chlorine for a $- to 1-hour contact 


period, and this method was considered generally satisfactory.” 
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